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Prior studies have shown that eating disorders and disordered eating characteristics have 
similar contributions of genetic and environmental influences.  However, few studies have 
identified specific genetic variants that influence these phenotypes.  It is possible that the lack of 
replication studies is due to the focus on one particular polymorphism rather than a more 
comprehensive approach that includes multiple polymorphisms at a given locus.  In addition, 
little information is known about common risk factors for eating disorders and co-occurring 
traits, such as substance use and personality. 
This dissertation uses adolescent and young adult twins and their family members from the 
community sample of the Colorado Center for Antisocial Drug Dependence (CADD) to 
investigate risk factors for disordered eating, substance use, and specific personality traits.  
Findings from the research examining risk factors for disordered eating provide insight into 
whether putative genetic variants, such as those in the serotonin transporter gene (SLC6A4), are 
associated with these characteristics.  First, extended twin analyses were used to investigate 
genetic and environmental influences on two disordered eating characteristics identified from the 
CADD.  Second, a family-based association test examined whether specific genetic variants in 
and near SLC6A4 were associated with disordered eating.  Finally, phenotypic correlations 
among disordered eating, substance use, and personality traits were examined. 
iv 
 
 Results from the first study suggested that individual differences in disordered eating 
characteristics could be explained by additive genetic and non-shared environmental influences.  
Findings from the second study suggested that a genetic variant upstream of the 5’ region of 
SLC6A4 was associated with a measure of weight and shape concerns and behaviors, even after 
controlling for multiple genetic variant testing.  The final study found small phenotypic 
correlations between disordered eating and multiple substance use measures, and between 
disordered eating and specific personality traits.  Implications for these findings are discussed. 
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Chapter 1 
Introduction 
Eating disorders, particularly anorexia nervosa (AN), have one of the highest rates of 
mortality of any psychiatric disorder (Sullivan, 1995) and are more common among females than 
males by a ratio of 10:1 (American Psychiatric Association [APA], 2000).  Onset of these 
disorders often occurs in adolescence (APA 2000) and can persist into adulthood.  A number of 
risk factors have been identified, including pubertal onset, biological factors (e.g., 
neurotransmitters, hormones), socio-cultural factors (e.g., social pressures to be thin, media 
influences), and genetic variations (e.g., serotonin system polymorphisms) (Striegel-Moore & 
Bulik, 2007).  Although social risk factors have been established for eating pathology, a term 
used to refer to both eating disorders and disordered eating, genetic risk factors have been less 
studied. 
The purpose of this dissertation is to investigate genetic and environmental risk factors that 
may influence individual differences in disordered eating and co-occurring traits- mainly 
substance use and personality- in adolescence and young adulthood.  In addition, this dissertation 
will examine putative genetic variants in the serotonin transporter gene (SLC6A4) for their 
association with disordered eating.  A better understanding of these relations, including the 
biological underpinnings of comorbidity with eating problems, can inform research exploring 
more effective treatment outcomes and potentially individualized treatment strategies based on 
personality profiles. 
This chapter will provide a general overview of the eating pathology literature focusing on 
twin studies that are informative about genetic and environmental influences on various traits.  
One particular system that has been implicated in eating pathology, the serotonin system, will 
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also be discussed.  In addition, this chapter will review the literature investigating correlations 
among eating pathology, substance use, and personality.  Chapter 2 uses a new measure of eating 
attitudes and behaviors to examine genetic and environmental influences on disordered eating.  
This study also investigates whether there are environmental influences specific to twins by 
including comparisons between twins and their nontwin siblings.  Chapter 3 examines whether 
polymorphisms in SLC6A4 (the gene that codes for the serotonin transporter) are associated with 
disordered eating characteristics.  The vast majority of other studies looking at SLC6A4 have 
focused solely on one particular polymorphism, 5-HTTLPR.  This is one of the first studies to 
examine whether multiple polymorphisms in this gene are associated with eating pathology.  
Chapter 4 investigates correlations among disordered eating (using the Eating Disorder 
Examination Questionnaire; Fairburn & Beglin, 1994), substance use, and personality traits.  
Although one previous study (Kendler et al., 1995) examined overlapping genetic and 
environmental risk factors between eating pathology and alcohol use in a community sample, it 
used dichotomous variables to examine clinical diagnoses of bulimia nervosa (BN) and 
alcoholism.  Here, we utilize continuous variables rather than dichotomous variables, which 
increase statistical power.  For eating pathology, we examine traits that are more prevalent than 
clinical AN and BN diagnoses.  Furthermore, we investigate whether specific personality traits, 
which are commonly associated with certain eating behaviors and substance use, mediate the 
association between disordered eating and alcohol use.  Lastly, Chapter 5 summarizes and 
discusses the results from all four studies and considers how they can inform further research in 
this area. 
 
1.1. Description of Eating Pathology 
  
3 
There are currently two eating disorders listed in the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-IV-TR; APA, 2000), anorexia nervosa and BN.  Individuals with either 
disorder are characterized by disturbances in eating patterns and attitudes about body shape and 
weight.  The diagnostic criteria for AN include: 1) refusal to maintain body weight at or above a 
minimally normal weight; 2) intense fear of gaining weight or becoming fat; and 3) undue 
influence of body weight or shape.  In addition, an individual can be diagnosed either as 
restricting anorexia nervosa (RAN) if he/she does not regularly engage in binge eating or purging 
behaviors or as binge eating/purging anorexia nervosa (BPAN) if binging and purging behaviors 
are present (APA, 2000).  The diagnostic criteria for BN include: 1) recurrent episodes of binge 
eating (characterized by eating a large amount of food in a short period of time and having a 
sense of lack over control over eating); 2) recurrent inappropriate compensatory behavior (e.g., 
self-induced vomiting or laxative use); 3) the binge eating and compensatory behaviors occur at 
least three times a week; and 4) self-evaluation is unduly influenced by body weight and shape 
(APA, 2000).  An individual can be diagnosed with purging bulimia nervosa (PBN) or non-
purging bulimia nervosa (NPBN).  Even though it is not possible under the current diagnostic 
system to have a diagnosis of both AN and BN (or of multiple subtypes), individual diagnoses 
often change over the course of the illness (e.g., from AN to BN or RAN to PBN).  This switch is 
termed diagnostic crossover.  In women, diagnostic crossover occurs more frequently among 
those initially diagnosed with AN than with BN (8%-62% for AN and 0%-27% for BN) and 
often occurs during the first five years of the illness (e.g., Eddy et al., 2008). 
One reason researchers are examining disordered eating characteristics in addition to clinical 
eating disorders is that the prevalence of eating disorders is relatively low (approximately 0.5% 
for AN and 3.0% for BN; APA, 2000).  Disordered eating characteristics, on the other hand, 
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occur more frequently in the general population, and individuals with these eating attitudes and 
behaviors can be ascertained for study participation in order to increase sample size.  Secondly, 
disordered eating characteristics have been shown to precede the development of eating disorders 
(Striegel-Moore, Siberstein, & Rodin, 1986) and contribute to AN and BN diagnostic criteria.  
Lastly, disordered eating characteristics are often measured as ordinal or continuous variables 
rather than dichotomously, which is common for clinical eating disorders.  Statistically speaking, 
the use of continuous variables, such as disordered eating characteristics that serve as eating 
disorder symptoms, increase the power to detect significant results and are likely to capture more 
variability in eating pathology compared with dichotomously coded clinical diagnoses. 
 
1.2. Genetic and Environmental Influences on Eating Pathology 
1.2.1. Family and adoption studies of eating pathology 
Prior research using family, adoption, and twin samples has shown that eating pathology is 
influenced by both genetic and environmental factors.  Family studies have reported that 
relatives of women with AN were more likely to receive a diagnosis of BN than relatives of 
control women, and relatives of women with BN were more likely to receive a diagnosis of AN 
than relatives of control women (Strober, Freeman, Lampert, Diamond, & Kaye, 2000).  
Moreover, when examining partial syndromes of AN and BN, there was a higher frequency of 
eating disorder symptoms in the relatives of women with either AN or BN compared with 
relatives of control women (Lilenfeld et al., 1998; Strober, Morrell, Burroughs, Salkin, & Jacobs, 
1985; Strober et al., 2000).  The literature on eating pathology utilizing the adoption design is 
limited to one study.  Klump, Suisman, Burt, McGue, and Iacono (2009) recently examined 
disordered eating attitudes and behaviors in female siblings with a mean of 18.70 years of age 
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(standard deviation (s.d.) = 2.25) from the Minnesota Center for Twin and Family Research.  
Although an important strength of adoption studies is the increased power to detect shared 
environmental influences on a trait of interest, the authors found that these effects did not 
significantly contribute to individual variation in disordered eating.  Rather, genetic and non-
shared environmental factors adequately explained the phenotypic variance in disordered eating.  
These results support the majority of twin studies looking at both eating disorders and disordered 
eating characteristics, as discussed below. 
1.2.2. Twin studies of clinical eating disorders 
Twin studies examining clinical eating disorders corroborate family and adoption studies in 
suggesting that there are underlying genetic risk factors for AN and BN.  Studies that have 
directly examined monozygotic (MZ) and dizygotic (DZ) concordance rates (i.e., where both 
twins express the trait) for AN and BN have generally found that there is a greater MZ than DZ 
concordance rate (for a review, see Slof-Op ‘t Landt et al., 2005).  When the concordance rate is 
higher for MZ than DZ twins, genetic influences on the trait are implied; when the concordance 
rates are equivalent for MZ for DZ twins, environmental influences are implied.  However, 
concordance rates for AN between MZ and DZ twins were different in another study (Walters & 
Kendler, 1995), which found that the DZ concordance rate was higher than the MZ concordance 
rate (0.22 versus 0.10, respectively).  This difference in MZ and DZ concordance could be due a 
larger sample size or to the use of a twin registry (i.e., the Virginia Twin Registry) rather than the 
use of a clinical sample as was utilized in the majority of studies.  Although these studies provide 
preliminary information regarding the genetic architecture of AN and BN, structural equation 
models are now being used to quantify how much phenotypic variability in eating pathology is 
due to genetic and environmental factors. 
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Table 1.1 lists all twin studies that have provided estimates of the magnitude of genetic and 
environmental influences on liability to AN, BN, or their symptoms.  Additive genetic influences 
refer to the sum of the individual effects of multiple genes on a given trait (not including 
interaction effects), whereas non-shared environment refers to environmental influences that 
make members within a family uncorrelated for a trait and includes measurement error.  In 
general, the best-fitting models in these studies show that additive genetic and non-shared 
environmental factors affect AN and BN.  Additive genetic estimates are roughly 0.50, which 
suggest that 50% of the individual variability within eating disorders is due to the additive effects 
of multiple genetic variants.  Thus, the remaining 50% of phenotypic variance is due to non-
shared environmental influences (and measurement error).  With a few exceptions (Bulik et al., 
2006; Kendler et al., 1995; Mazzeo et al., 2009, 2010), shared environmental influences (i.e., 
those environmental factors that account for similarities among members of the same family) 
have not been shown to contribute substantially to individual differences in AN, BN, or their 
symptoms. 
Table 1.1 
 
Twin Studies of Anorexia Nervosa (AN) and Bulimia Nervosa (BN) 
 
Reference Sample Age N (ind.) Trait(s) a2 c2 e2 
Kendler et 
al., 1991 
Virginia Twin Registry Mean = 30.1 2163 
females 
Broad BN 
Narrow BN 
Multiple Threshold BN 
0.52 
0.55 
0.56 
0 
0 
0 
0.48 
0.45 
0.44 
Walters et al., 
1992* 
Virginia Twin Registry Mean = 30.1 2066 
females 
BN 0.50 0 0.50 
Kendler et 
al., 1995* 
Virginia Twin Registry Mean = 30.1 2060 
females 
BN 0.30 0.41 0.29 
Bulik et al., 
1998 
Virginia Twin Registry Mean = 30.1  
at Wave 1 
1879 
females 
Broad BN 0.60-0.83 0 0.17-0.40 
Wade et al., 
2000a* 
Virginia Twin Registry Mean = 29.3 2163 
females 
Broad AN 0.58 0 0.42 
Klump et al., 
2001 
Minnesota Twin and 
Family Study 
Mean = 17.5 672 
females 
Broad AN 0.76 0 0.24 
Kortegaard et 
al., 2001+ 
Danish Twin Registry At least 20 
years 
876 
females 
Broad AN 
Narrow AN 
BN 
0.52 
0.48 
0.61 
0 
0 
0 
0.36 
0.52 
0.24 
Rowe et al., 
2002 
Virginia Twin Study of 
Adolescent Behavioral 
Development 
8-17 years 1502 
females 
 
 
 
 
1288 males 
DSM-II-R BN Symptoms 
(Premenarche) 
 
DSM-II-R BN Symptoms 
(Postmenarche) 
 
DSM-II-R BN Symptoms 
(Male) 
0.54 
 
 
0.54 
 
 
0.54 
0 
 
 
0 
 
 
0 
0.46 
 
 
0.46 
 
 
0.46 
Silberg & 
Bulik, 2005* 
Virginia Twin Study of 
Adolescent 
Behavioural 
Development 
8-13 years 
Mean = 11.6 
 
14-17 years 
Mean = 15.5 
1212 
females 
DSM-III-R Eating Disorder 
Symptoms 
 
DSM-III-R Eating Disorder 
Symptoms 
0.31 
 
 
0.24 
0.03 
 
 
0.08 
0.66 
 
 
0.68 
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 Table 1.1 continued 
 
Twin Studies of Anorexia Nervosa (AN) and Bulimia Nervosa (BN) 
 
Reference Sample Age N (ind.) Trait(s) a2 c2 e2 
Bulik et al., 
2006 
Swedish Twin Registry Median = 
54.6 
31,406 
males and 
females 
Broad AN 
Narrow AN 
0.31 
0.56 
0 
0.05 
0.68 
0.38 
Baker et al., 
2007* 
Virginia Adult Twin 
Study of Psychiatric 
and Substance Use 
Disorders 
Mean = 37.1 924 
females 
Broad BN 0.41 0 0.59 
Mazzeo et 
al., 2009 
Norwegian Institute of 
Public Health Twin 
Panel 
Mean = 28.2 1430 
females 
AN symptoms 0.09-0.34 0-0.13 0.59-0.87 
Bulik et al., 
2010** 
Swedish Twin Registry 
of Adults: Genes and 
Environment 
20-47 years 7000 
females 
Broad AN 
Narrow AN 
Broad BN 
Narrow BN 
0.29 
0.57 
0.61 
0.62 
0 
0 
0 
0 
0.71 
0.43 
0.39 
0.38 
Mazzeo et 
al., 2010 
Virginia Twin Registry Mean = 40.44 1024 
females 
BN symptoms 0.24-0.53 0-0.19 0.47-0.63 
Dellava et al., 
in press 
Swedish Twin Registry 20-47 years 473 
females 
Broad AN 
AN (no criterion D) 
Narrow AN 
~0.30 
~0.50 
~0.55 
0 
0 
0 
~0.70 
~0.50 
~0.45 
 
Note. Parameter estimates reflect the best-fitting model in each study. 
*Denotes studies that include one or more non-eating disorder phenotype(s). **Denotes a bivariate model of AN and BN. + Denotes self-reported 
diagnoses.
8
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In their review of twin studies of eating disorders, Bulik, Sullivan, Wade, and Kendler (2000) 
discussed possible reasons for the lack of significant shared environmental findings.  First, it is 
important to examine not only point estimates, but also confidence intervals when interpreting 
findings from twin studies.  This information allows for understanding the range in which the 
true parameter estimate lies.  Second, it is possible that genotype-environment correlations exist.  
For example, it is possible that one’s genetic background may predispose one to join a peer 
group that is consistently focused on dieting and achieving a low body weight.  If a correlation 
exists between additive genetic and shared environmental influences, then the parameter estimate 
for shared environmental influences will be inflated.  However, if the correlation is between 
additive genetic and non-shared environmental influences, additive genetic estimates will be 
inflated.  Finally, there may be genotype-by-environment interactions occurring between, for 
example, genetic variants and parental divorce that influence eating pathology (Suisman, Burt, 
McGue, Iacono, & Klump, 2011).  If a genotype-by-shared environment interaction is present, 
estimates of additive genetic influences will be increased; genotype-by-non-shared environment 
interactions lead to inflated estimates of non-shared environment (Bulik et al., 2000).  
Unfortunately, little research has been conducted in the eating disorders field to investigate 
possible genotype-environment correlations and genotype-by-environment interactions in twin 
studies, though this line of work will be beneficial in order to fully elucidate how specific 
genotypes and environments work together to influence risk for eating pathology. 
Despite the aforementioned rates of diagnostic crossover, only one study has examined 
common genetic and environmental risk factors for AN and BN.  Bulik et al. (2010) studied 7000 
female twins (ages 20 to 47 years) from a Swedish National Twin Registry to examine broad 
(i.e., meeting most but not all DSM-IV criteria) and narrow (i.e., meeting all DSM-IV criteria) 
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definitions of AN and BN.  The authors found that heritability estimates for broad and narrow 
definitions of AN were 0.29 and 0.57, respectively; the heritability for broad and narrow 
definitions of BN were 0.61 and 0.62, respectively.  Non-shared environmental influences 
accounted for the remaining variance in eating disorder vulnerability.  Importantly, the genetic 
correlation between AN and BN was 0.79, whereas the non-shared environmental correlation 
was 0.44.  These correlations suggest that AN and BN share common genetic influences and that 
a modest proportion of non-shared environmental factors also jointly influence these two eating 
disorders.  Although Bulik et al.’s (2010) study is clearly a step in the right direction because it is 
the first to address diagnostic crossover in a twin sample directly, the difficulty in obtaining these 
large sample sizes for clinical eating disorders is immense.  In a larger sample of over 13,000 
female twins from this same study, the prevalence rates for broad and narrow definitions of AN 
and BN were low, ranging from 0.70-3.59% and 1.10-2.72%, respectively (Bulik et al., 2010).  
Thus, it is useful to study disordered eating characteristics in addition to clinical diagnoses 
because these characteristics are symptoms used to define clinical thresholds for eating disorder 
diagnoses and larger sample sizes with trait variability can be obtained. 
1.2.3. Twin studies of disordered eating attitudes and behaviors 
Table 1.2 lists the current twin studies that have focused on disordered eating attitudes and 
behaviors.  A wide range of disordered eating attitudes and behaviors have been examined, from 
dietary restraint to body dissatisfaction, as well as overall levels of disordered eating.  With a few 
exceptions, most studies have found that both additive genetic and non-shared environmental 
effects predominantly influence these traits.  With regard to weight concerns, as measured by the 
Eating Disorder Examination (Cooper & Fairburn, 1987), one study (Wade, Martin, & 
Tiggemann, 1998) has shown that both shared and non-shared environmental factors influence 
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liability to this phenotype in adult women, yet another study (Spanos, Burt, & Klump, 2010) 
found that additive genetic and non-shared environmental factors best explained the phenotypic 
variability in this trait in young adult women.  Perhaps the age of the two samples contributed to 
the discrepant findings, as participants in the Spanos et al. (2010) study were between the ages of 
18 and 29, whereas the women in the Wade et al. (1998) study were required to be 30-45 years 
old. 
Table 1.2 
 
Twin Studies of Disordered Eating Characteristics 
 
Reference Sample Age N (ind.) Trait(s) a2 c2 e2 
Rutherford et 
al. 1993 
Institute of 
Psychiatry’s Normal 
Twin Register 
18-45 years 492 
females 
EAT Total Score 
Body Dissatisfaction 
Drive for Thinness 
0.41 
0.52 
0.44 
0 
0 
0 
0.59 
0.48 
0.56 
Bulik et al., 
1998 
Virginia Twin Registry 30.1 years 
at Wave 1 
1879 
females 
Binge Eating 0.50-0.82 0 0.50-0.18 
Sullivan et 
al., 1998 
Virginia Twin Registry 35.1 years 1897 
females 
Binge Eating 
Vomiting 
0.46 
0.72 
0 
0 
0.54 
0.28 
Wade et al., 
1998 
Australian Twin 
Registry 
30-45 years 325 
females 
Restraint 
Eating Concerns 
Weight Concerns 
Shape Concerns 
0.32-0.58 
0.46-0.50 
0 
0.51-0.62 
0 
0 
0.45-0.52 
0 
0.42-0.68 
0.50-0.54 
0.48-0.55 
0.38-0.49 
Wade et al., 
1999 
Australian Twin 
Registry 
Mean = 36.5 
at Wave 1 
325-1682 
females 
Presence or Probable 
Presence of BN 
0.60 0 0.40 
Klump et al., 
2000 
Minnesota Twin and 
Family Study 
11 years 
 
 
 
17 years 
680 
females 
 
 
602 
females 
MEBS Total Score 
Body Dissatisfaction 
Weight Preoccupation 
 
MEBS Total Score 
Body Dissatisfaction 
Weight Preoccupation 
Compensatory Behavior 
0.03  
0.49 
0.47 
 
0.57 
0.60 
0.47 
0.50 
0.46 
0.03 
0 
 
0 
0 
0 
0.02 
0.51 
0.48 
0.52 
 
0.44 
0.40 
0.52 
0.48 
Wade et al. 
2000b* 
Australian Health and 
Medical Research 
Council Twin Registry 
36.5 years 1762 
females 
Overall Disordered Eating 
(from 16 items) 
0.34 0.09 0.57 
Klump et al., 
2002* 
Minnesota Twin and 
Family Study 
17.5 years 512 
females 
MEBS Total Score 
Body Dissatisfaction 
Binge Eating 
Compensatory Behavior 
Weight Preoccupation 
0.58 
0.61 
0.34 
0.57 
0.55 
0 
0 
0 
0 
0 
0.41 
0.39 
0.66 
0.43 
0.45 
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 Table 1.2 continued 
 
Twin Studies of Disordered Eating Characteristics 
 
Reference Sample Age N (ind.) Trait(s) a2 c2 e2 
Bulik et al., 
2003* 
Virginia Twin Registry Mean = 30.1 
at Wave 1 
 
Mean = 35.1 
at Wave 3 
2163 
females 
Binge Eating 0.49 0 0.51 
Klump et al., 
2003 
Minnesota Twin and 
Family Study 
Pre-pubertal 
11 years 
 
Pubertal 
11 years  
 
17 years 
 
452 
females 
 
78 females 
 
602 
females 
MEBS Total Score 
 
 
MEBS Total Score 
 
 
MEBS Total Score 
0 
 
 
0.54 
 
 
0.54 
0.53 
 
 
0 
 
 
0 
0.47 
 
 
0.46 
 
 
0.46 
Neale et al., 
2003++ 
Virginia Twin Registry NA 580 
females 
Disinhibition 
Hunger 
Cognitive Restraint 
0.45 
0.08 
0 
0 
0.16 
0.31 
0.55 
0.76 
0.69 
Reichborn-
Kjennerud et 
al., 2003 
Norwegian Twin Panel 19-31 years 
Mean = 25.5 
4602 
females 
 
3443 
males 
Binge Eating 
 
 
Binge Eating 
0.51 
 
 
0.51 
0 
 
 
0 
0.49 
 
 
0.49 
Reichborn-
Kjennerud et 
al., 2004 
Norwegian Twin Panel 18-31 years 
Mean = 25.5 
4602 
females 
 
 
3443 
males 
Binge Eating (no 
Compensatory Behaviors) 
 
Binge Eating (no 
Compensatory Behaviors) 
0.41 
 
 
 
0.41 
0 
 
 
 
0 
0.59 
 
 
 
0.59 
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 Table 1.2 continued 
 
Twin Studies of Disordered Eating Characteristics 
 
Reference Sample Age N (ind.) Trait(s) a2 c2 e2 
Keski-
Rahkonen et 
al., 2005 
FinnTwin16 22-27 years 2545 
females 
 
2122 males 
Body Dissatisfaction 
Drive for Thinness 
 
Body Dissatisfaction 
Drive for Thinness 
0.59 
0.51 
 
0 
0 
0 
0 
 
0.85 
0.86 
0.41 
0.49 
 
0.15 
0.14 
Tholin et al., 
2005 
Swedish Young Male 
Twins Register 
23-29 years 
Mean = 25.8 
1564 males Cognitive Restraint 
Emotional Eating 
Uncontrolled Eating 
0.59∆ 
0.60 
0.45 ∆ 
0 
0 
0 
0.41 
0.40 
0.55 
Wade & 
Bulik, 2006* 
Australian Twin 
Registry 
28-39 years 1002 
females 
Weight and Shape 
Concerns 
0.25 0 0.75 
Klump et al., 
2007a 
Minnesota Twin and 
Family Study 
(Longitudinal Study) 
10-13 years 
Mean = 11.7 
 
13-16 years 
Mean = 14.8 
 
17-20 years 
Mean = 18.2 
772 
females 
MEBS Total Score 
 
 
MEBS Total Score 
 
 
MEBS Total Score 
0.06 
 
 
0.46 
 
 
0.46 
0.40 
 
 
0.10 
 
 
0.10 
0.54 
 
 
0.44 
 
 
0.44 
Klump et al., 
2007b 
Minnesota Twin and 
Family Study 
13-16 years 
Mean = 14.8 
510 
females 
MEBS Total Score 
(Early Puberty) 
 
MEBS Total Score 
(Post Puberty) 
0 
 
 
0.44 
0.99 
 
 
0.02 
0.01 
 
 
0.54 
Slof-Op’t 
Landt et al., 
2008 
Netherlands Twin 
Registry 
Adolescents 732 
females 
 
759 
males 
Disordered Eating Behavior 
(from 4 items) 
 
Disordered Eating Behavior 
(from 4 items) 
0.65 
 
 
0.39 
0 
 
 
0 
0.35 
 
 
0.61 
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 Table 1.2 continued 
 
Twin Studies of Disordered Eating Characteristics 
 
Reference Sample Age N (ind.) Trait(s) a2 c2 e2 
Wade et al., 
2008 
Australian Twin 
Registry 
28-40 years 
Mean = 35 
1002 
females 
Objective Binge Episodes 
Self-Induced Vomiting 
0.17 
 
0.08 
0 
 
0 
0.83 
 
0.92 
Baker et al., 
2009++ 
Swedish Twin Study 
of Child and 
Adolescent 
Development 
15-17 years Females 
 
 
 
Males 
Drive for Thinness 
Bulimia 
Body Dissatisfaction 
 
Drive for Thinness 
Bulimia 
Body Dissatisfaction 
0.61 
0.16 
0.57 
 
0.20 
0.33 
0.40 
0.01 
0.16 
0.07 
 
0.11 
0 
0.07 
0.38 
0.69 
0.36 
 
0.69 
0.67 
0.53 
Culbert et al., 
2009 
Michigan State 
University Twin 
Study, Minnesota 
Twin and Family 
Study 
10-28 years 
 
Prepubertal 
 
 
Pubertal 
 
 
Young Adult 
--- 
 
166 
females 
 
142 
females 
 
324 
females 
 
 
MEBS Total Score 
 
 
MEBS Total Score 
 
 
MEBS Total Score 
 
 
0-0.55 
 
 
0.60 
 
 
0.60 
 
 
0-0.34 
 
 
0 
 
 
0 
 
 
0.45-0.66 
 
 
0.40 
 
 
0.40 
Schur et al., 
2009 
University of 
Washington Twin 
Study 
Mean = 37.0 2099 
females & 
males 
Restraint 
 
Restraint 
0.43 
 
0.43 
0 
 
0 
0.57 
 
0.57 
Wade et al., 
2009 
Australian Twin 
Registry 
40.61 years 1976 
females 
Intentional Weight Loss 
Overeating 
0.30 
0.45 
0 
0 
0.70 
0.55 
Wilksch & 
Wade, 2009 
Australian Twin 
Registry 
12-16 years 
Mean = 14.0 
699 
females 
Importance of weight/shape 
Thin-ideal Internalization 
Body Dissatisfaction 
0.15 
0.30 
0.35 
0.23 
0.13 
0.36 
0.62 
0.57 
0.42 
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 Table 1.2 continued 
 
Twin Studies of Disordered Eating Characteristics 
 
Reference Sample Age N (ind.) Trait(s) a2 c2 e2 
Klump et al., 
2010 
Australian Twin 
Registry, Michigan 
State University Twin 
Registry, Minnesota 
Twin and Family 
Study 
10-41 years 
Mean = 22.0 
2618 
females 
 
10-12 
 
13-41 
 
 
 
EDE-Q Total Score 
 
EDE-Q Total Score 
 
 
 
0 
 
0.54 
 
 
 
0.58 
 
0 
 
 
 
0.42 
 
0.46 
Spanos et al., 
2010 
Michigan State 
University Twin Study 
18-29 years 
Mean = 20.9 
270 
females 
Weight Concerns 
Shape Concerns 
Undue Influence 
0.66 
0.64 
0.49 
0 
0 
0 
0.34 
0.36 
0.51 
 
Note. Parameter estimates reflect the best-fitting model in each study unless otherwise noted.  EAT = Eating Attitudes Test; MEBS = Minnesota 
Eating Behaviors Survey, EDE-Q = Eating Disorder Examination Questionnaire; BN = bulimia nervosa; NA = Not Available. 
*Denotes studies that include one or more non-disordered eating phenotype(s). ++Denotes parameter estimates from the full model.  ∆Denotes d2 
instead of a2 parameter estimates.
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An important contextual variable to consider in the disordered eating literature is puberty.  
Several studies from the Minnesota Twin and Family Study have shown that genetic factors for 
disordered eating do not emerge until pubertal onset (Klump, McGue, & Iacono, 2000, 2003; 
Klump, Burt, McGue, & Iacono, 2007a; Klump, Perkins, Burt, McGue, & Iacono, 2007b), and 
that early indicators of puberty, such as body hair development, are better predictors of this 
genetic emergence than later indicators, such as menarche (Culbert, Burt, McGue, Iacono, & 
Klump, 2009).  These same studies have shown that only shared and non-shared environment, 
not additive genetic factors, influence individual differences in disordered eating in pre-pubertal 
girls.  In fact, a recent study combining samples from multiple twin registries and multiple ages 
(Klump, Burt, Spanos, McGue, Iacono, & Wade, 2010) supported these findings by showing that 
in 10- to 12- year-old female twins, shared and non-shared environmental influences accounted 
for individual variability in weight and shape concerns.  By contrast, only additive genetic and 
non-shared environmental factors contributed to variability in weight and shape concerns in 13- 
to 41- year-old females.  Thus, shared environment appears to be important in contributing to 
individual differences in disordered eating variability in young samples, and different 
developmental milestones are important when considering genetic and environmental influences 
on disordered eating vulnerability. 
Although twin studies investigating eating disorders and disordered eating have provided 
useful information regarding the genetic and environmental etiology, two limitations should be 
noted.  First, these studies have relied on the classical twin design, which utilizes only twins 
(MZ, DZ, and opposite-sex (OS) twins).  None of these studies have included nontwin siblings to 
investigate whether twins have similar shared environmental influences for eating pathology 
compared with their nontwin siblings.  This “special-twin environment” is important to examine 
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since other research on substance use (Rhee et al., 2003), which often co-occurs with eating 
pathology, has found evidence for this type of environment.  Second, with respect to disordered 
eating characteristics, few studies have directly examined overlapping genetic and environmental 
risk factors.  Given what is known about diagnostic crossover, it would be worthwhile to 
understand whether there are common genetic and environmental risk factors for these 
characteristics and if certain prevention or treatment strategies would work better for individuals 
who express one disordered eating characteristic versus another.  The study in Chapter 2 of this 
dissertation addresses these two limitations. 
 
1.3. The Serotonin System and Eating Pathology 
Even though there are many biologically plausible neurotransmitter systems involved in 
eating pathology (e.g., dopamine; Stice & Dagher, 2010), the serotonin system has been widely 
studied because it has been implicated in various traits, including aggression, sleep, mood and 
appetite regulation (Lucki, 1998), and personality (Serretti, Calati, Mandelli, & De Ronchi, 
2006).  With regard to eating patterns, animal studies have reported that food restriction for 
either one or two weeks reduced cortical serotonin transporter density in rats (Zhou, Huether, 
Wiltfang, Hajak, & Rüther, 1996).  In mice that have a mutation that reduces food intake (a 
possible mouse-model of AN), there was decreased serotonin transporter mRNA in raphe nuclei 
(Jahng, Houpt, Joh, & Son, 1998).  In humans, serotonergic disturbances have been implicated in 
women with AN and BN in the ill state and after recovery (Kaye, Gendall, & Strober, 1998) 
using functional magnetic resonance imaging (fMRI) and positron emission tomography (PET) 
scans.  Specifically, studies have shown reduced serotonergic activity (and reduced serotonin) in 
women who currently had AN, although there was increased serotonin in women who were 
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recovered from AN and BN (Kaye et al., 1998).  Findings were less clear for women currently ill 
with BN, although there were marked disturbances in this neurotransmitter, which likely resulted 
from poor serotonin regulation (Kaye et al., 1998).  Moreover, women with BN have shown 
modest success in treating their disorder with selective serotonin reuptake inhibitors (SSRIs; 
Kaye et al., 1998), a certain class of antidepressant drugs.  On the other hand, SSRIs have not 
been effective in treating women with AN (Crow, Mitchell, Roerig, & Steffen, 2009), potentially 
because of a lack of proper nutrition in these women (Kaye et al., 1998). 
Although there are numerous putative candidate genes in the serotonin system influencing 
the risk for eating pathology (e.g., 5-HT2A), the serotonin transporter gene (SLC6A4), located on 
the long arm of chromosome 17, is of particular interest because of its role in the reuptake of 
serotonin from the synaptic cleft into the presynaptic cell.  Selective serotonin reuptake inhibitors 
act directly on this system by inhibiting serotonin from binding to SLC6A4 and from entering the 
presynaptic cell, thereby allowing more serotonin to be available in the synapse and prolonging 
the serotonin signal. 
With two exceptions (Lauzurica et al., 2003; Martásková, Šlachtová, Kemlink, Záhoráková, 
& Papežová, 2009), all candidate gene studies investigating associations between SLC6A4 and 
eating pathology have only focused on the functional polymorphism in the promoter region of 
SLC6A4 (5-HTTLPR).  Briefly, 5-HTTLPR is a 43 base pair (Heils et al., 1996) insertion/deletion 
polymorphism characterized by a short (S) and long (L) allele, in which the S-allele has been 
associated with reduced transcriptional efficiency compared with the L-allele (Lesch et al., 
1996).  Recently, a single nucleotide polymorphism, or SNP, (rs25531; A/G) was found in the L-
allele, such that the G allele functions similarly to the S-allele (Hu et al., 2005, 2006).  Most 
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studies investigating associations between 5-HTTLPR and eating disorders have focused 
exclusively on the S- versus L-allele but have not examined rs25531. 
Sixteen studies have examined the association between 5-HTTLPR and eating pathology 
(Akkermann, Nordquist, Oreland, & Harro, 2010; Akkermann, Paaver, Nordquish, Oreland, & 
Harro, 2008; Di Bella, Catalano, Cavallini, Riboldi, & Bellodi, 2000; Frieling et al., 2006; 
Fumeron et al., 2001; Hinney et al., 1997; Lauzurica et al., 2003; Martásková et al., 2009; 
Matsushita, Nakamura, Nishiguchi, & Higuchi, 2002; Matsushita et al., 2004; Monteleone et al., 
2006a; Monteleone, Tortorella, Castaldo, & Maj, 2006b; Rybakowski et al., 2006; Steiger et al., 
2005, 2009; Sundaramurthy, Pieri, Gape, Markham, & Campbell, 2000).  Eleven of these studies 
were included in a recent meta-analysis (Lee & Lin, 2010) investigating AN and BN.  In their 
review, Lee and Lin (2010) found that having at least one 5-HTTLPR S-allele (i.e., having the SS 
or SL genotype) was associated with AN.  Neither allele was associated with BN; however, the 
authors found heterogeneity in the odds ratios when examining the S-allele among the different 
samples.  They discuss how this heterogeneity may be due to deviations from Hardy Weinberg 
Equilibrium, uneven socio-cultural influences, or random error (Lee & Lin, 2010). 
Three studies have examined the association between 5-HTTLPR and disordered eating 
attitudes and behaviors.  In a Japanese sample (Matsushita et al., 2002), the L-allele was 
associated with higher levels of general disordered eating, as measured by a score of at least 20 
on the Eating Attitudes Test (EAT; Garner, Olmsted, Bohr, & Garfinkel, 1982).  Similarly, 
Akkermann et al. (2008) found that girls who had two L-alleles and had high platelet monoamine 
oxidase activity had increased scores for drive for thinness compared with individuals who did 
not have both genetic backgrounds.  With respect to binge eating, this same group (Akkermann 
et al., 2010) found that among women who were prone to binge eating and had at least one S-
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allele, there were significantly higher bulimia tendencies scores compared with women who had 
two L-alleles.  Taken together, these studies suggest that different disordered eating 
characteristics may be differentially associated with the 5-HTTLPR genotype, but it is unclear 
whether the S- or L-allele is the “risk” allele. 
One important limitation of the literature investigating associations between eating pathology 
and SLC6A4 is that the majority of work has examined only one genetic variant- 5-HTTLPR.  
Although there is evidence that the 5-HTTLPR S-allele allele is associated with AN, findings for 
BN and disordered eating are inconclusive.  It is important to examine whether 5-HTTLPR is the 
true disease susceptibility locus or if it is in linkage disequilibrium with the disease susceptibility 
locus.  The study conducted in Chapter 3 will more comprehensively evaluate associations 
between multiple genetic variants in SLC6A4 and disordered eating characteristics.  
 
1.4. Eating Pathology and Co-Occurring Traits 
As is the case with most psychiatric disorders, individuals are often diagnosed with more 
than one disorder.  Phenotypic relations among these disorders have been well established and 
suggest that rates of alcohol and other substance use are higher in women who have an eating 
disorder compared with women who do not.  Much less research has examined possible 
overlapping genetic and environmental risk factors, which can be detected using twin samples.  
Thus, there is a need to understand more explicitly whether there are overlapping risk factors so 
that prevention and treatment of co-occurring behaviors can be improved. 
1.4.1. Alcohol use 
An important association to consider is that which exists between eating pathology, 
particularly bulimic behaviors (Wolfe & Maisto, 2000), and alcohol use.  Among females in an 
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epidemiological sample, alcohol use and misuse were associated with disordered eating, and this 
relation was more significant among adults than adolescents (von Ranson, Iacono, & McGue, 
2002).  Furthermore, women with BN were more likely to use alcohol than women with AN, 
particularly if they had severe purging problems (Wiederman & Pryor, 1996a).  Alcohol abuse 
was higher in women with BN than those without BN or binge eating disorder after controlling 
for the presence of a major depressive disorder and post traumatic stress disorder (Dansky, 
Brewerton, & Kilpatrick, 2000).  Other research (Bulik et al., 2004; Root et al., 2010b) similarly 
found that the presence of an alcohol use disorder was seen only in women with BN or BPAN.  
These studies not only suggest that the relation between BN and alcohol use may be explained by 
other disorders (Dansky et al., 2000), but that purging and/or binge eating behaviors may be 
important in mediating the association between eating pathology and alcohol use. 
Two twin studies have examined genetic and environmental etiological comorbidity between 
eating pathology and alcohol use.  Kendler et al. (1995) examined common genetic and 
environmental influences for six different psychiatric disorders, including BN and alcoholism in 
a community sample of adult female twin pairs.  They found that alcoholism was influenced by 
genetic factors largely independent from the other disorders, and that BN was influenced by 
familial environmental factors largely independent of the other disorders.  In the second study, 
Baker, Mitchell, Neale, and Kendler (2010) found familial overlap between a lifetime measure of 
alcohol abuse/dependence and BN symptoms.  Notably, the authors did not have enough 
statistical power to determine whether overlapping risk factors were due to additive genetic or 
shared environmental influences.  Even though these are important studies because they are the 
first investigations of underlying genetic and environmental vulnerability to eating and substance 
use disorders, additional studies that utilize continuous rather than dichotomous phenotypes, 
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assess non-clinical levels of these behaviors, and examine associations between these behaviors 
in adolescent and young adult populations are needed (all of which are the focus of Chapter 4).  
1.4.2. Other substance use 
In a review of comorbidity research between eating disorders and substance use, Holderness, 
Brooks-Gunn, and Warren (1994) suggested that rates of substance use were elevated in women 
with bulimic tendencies.  Recent research has shown that women with RAN have significantly 
lower rates of substance use compared with women with BPAN (Root et al., 2010a, 2010b), even 
though women with either AN subtype have higher rates of illicit drug use than control women 
(Root et al., 2010a).  Furthermore, women who had BN, BPAN, or had ever received a diagnosis 
of both AN and BN over their lifetime had higher rates of substance use than those with RAN 
(Root et al., 2010b).  Specifically, women with RAN, as well as women with AN and BN 
diagnoses had higher odds ratios of abuse and dependence for alcohol, diet pills, stimulants, and 
polysubstance use (Root et al., 2010b).  Thus, there is evidence to support a phenotypic 
association between eating pathology and substance use.  However, it is not clear to what extent 
common genetic and environmental risk factors can explain individual vulnerability for these 
traits. 
Family studies looking at the relation between eating pathology and substance use have been 
conflicting.  For example, Bulik (1987) found that first-degree relatives of women with BN were 
at increased risk for a substance use disorder, whereas other research found low rates of 
substance use among relatives of those with RAN, but elevated rates in relatives of probands 
with BN (Kaye et al., 1998).  On the other hand, some studies reported no evidence for cross-
transmission between eating pathology and substance use disorders within families (Kaye et al., 
1996; Schuckit et al., 1996; von Ranson, Iacono, & McGue, 2003).  Lilenfeld et al. (1998) 
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examined the familial aggregation of eating disorders and substance use.  Familial aggregation is 
often a first step in understanding whether there is genetic etiology for a given trait and is 
determined by demonstrating that the trait tends to run in families more than would be expected 
by chance.  It is also important to examine how the familial tendency for the trait changes as the 
familial degree or type of relationship changes.  These authors found that although the risk for 
substance dependence (including alcohol) was increased in first-degree relatives of women with 
BN (but not AN), the familial aggregation was independent between these disorders.  In 
summary, family studies investigating whether there is an increased risk for substance use in 
eating disorder families have been inconsistent, suggesting that more work is needed to examine 
common genetic and environmental risk factors for eating pathology and substance use. 
Only two twin studies have examined overlapping genetic and environmental influences on 
the vulnerability to eating pathology and substance use (Baker, Mazzeo, & Kendler, 2007; Baker 
et al., 2010), both of which used data from the Virginia Twin Registry.  The criterion used for 
substance use in the first study included abuse or dependence for cannabis, sedatives, stimulants, 
cocaine, opioids, hallucinogens, inhalants, and any nonprescription abuse or dependence.  In 
their study, Baker et al. (2007) found that additive genetic effects influenced the liability to BN 
(a2 = 0.41) and a composite measure of drug use disorders (a2 = 0.68), with the remaining 
variance attributable to non-shared environmental influences.  The additive genetic correlation 
between the two traits was 0.39 (95% CI: 0.05-0.79) and the non-shared environmental 
correlation was 0.10 (-0.29-0.46), suggesting there was common genetic vulnerability between 
these phenotypes.  In their second study, Baker et al. (2010) examined whether BN symptoms 
were associated with alcohol disorder, caffeine disorder, illicit drug disorder, or regular smoking.  
When comparing all four substance groups independently with BN symptoms, there was 
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evidence for familial influences on the comorbidity between the BN and substance use 
phenotypes.  Taken together, these studies suggest that common genetic and/or shared 
environmental factors influence liability to BN symptoms and multiple substances, though more 
research is needed in independent samples. 
1.4.3. Personality 
Certain personality traits may be related to differences in neurotransmitter activity in the 
brain.  In his biosocial theory of personality, Cloninger (1986) suggested that individual 
differences in Harm Avoidance, defined as a tendency towards avoidance of intense stimuli and 
punishment, were due to differences in serotonergic neurotransmission.  Individual differences in 
Novelty Seeking, defined as a tendency towards impulsivity and reward seeking, were due to 
differences in dopaminergic neurotransmission.  Even though these associations are likely more 
complex given that serotonergic and dopaminergic neurotransmission are interconnected, this is 
an intriguing hypothesis that warrants further investigation, including possible associations 
between genetic variants in serotonergic genes and eating pathology. 
A review of 10 years of research suggested there were higher levels of Harm Avoidance 
among women with AN and BN compared with controls.  Compared with RAN and control 
women, higher levels of Novelty Seeking tended to be specific to BN and disorders showing 
bulimic tendencies (for a review, see Cassin & von Ranson, 2005).  Such findings highlight the 
important role certain personality traits may have in the development and/or maintenance of 
eating pathology.  
Two twin studies have specifically examined genetic and environmental influences between 
eating pathology and the personality traits mentioned above or similar constructs (e.g., 
Cloninger’s Harm Avoidance has been shown to correlate substantially with Eysenck’s 
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Neuroticism; Stallings, Hewitt, Cloninger, Heath, & Eaves, 1996).  The first study (Wade et al., 
2000b) examined Neuroticism (which is characterized by a predisposition toward emotionality, 
including anxiety, depression, and worry; Eaves, Eysenck, & Martin, 1989) with respect to 
disordered eating.  This study found that in women in middle adulthood, non-shared 
environmental influences explained part of the association between disordered eating (which 
included items about AN, BN, obesity, and binge eating) and Neuroticism.  There was no 
evidence for common genetic influences between disordered eating and Neuroticism, or other 
measures of personality (e.g., self-esteem and emotional reliance on others).  By contrast, 
Klump, McGue, and Iacono (2002) examined associations between personality traits and 
disordered eating in late adolescent females and found that, for most assessments of disordered 
eating, common genetic factors explained more than 50% of the heritability between disordered 
eating characteristics and personality traits.  Only the association between binge eating and the 
personality construct of Negative Emotionality (the tendency for emotional tension, anxiety, and 
anger) was explained by common non-shared environmental factors.  Even though there were 
marked common genetic factors explaining the relation between disordered eating and 
personality traits, there were still a significant proportion of independent genetic factors specific 
to disordered eating characteristics.  Such discrepant results could be due to differences in the 
ages of the samples or how disordered eating was measured.  Although somewhat conflicting, 
these results highlight two important points: 1) that the association between disordered eating 
and personality is partially explained by common risk factors; and 2) that more work is necessary 
to clarify the genetic and environmental etiology. 
 
1.5. Personality Influences Substance Use 
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Numerous studies have shown that specific personality traits are associated with individuals 
who use and abuse various substances.  In their review, Howard, Kivlahan, and Walker (1997) 
reported that Novelty Seeking, as measured by the Tridimensional Personality Questionnaire 
(TPQ; Cloninger, 1987), significantly predicted early alcohol abuse and could distinguish 
between alcoholics who expressed antisocial behaviors from alcoholics who did not show those 
behaviors.  In contrast, Harm Avoidance was not associated with substance use.  More recently, 
Grucza et al. (2006) showed that Novelty Seeking significantly predicted alcohol dependence 
among individuals who had at least one parent with alcohol dependence compared with those 
who did not.  Moreover, impulsivity, a component of Novelty Seeking, was negatively correlated 
with age of substance abuse onset and positively correlated with substance-related problems and 
a positive family history of substance abuse (Henderson, Galen, & DeLuca, 1998).  These studies 
provide solid evidence that Novelty Seeking, which includes aspects of impulsivity, is correlated 
with alcohol and other substance use disorders. 
Given that Novelty Seeking is correlated with BN, bulimic-like behaviors, and alcohol use, it 
may be an important mediating factor (at the phenotypic and possibly genetic level) between 
disordered eating and substance use.  For example, impulsive behaviors (e.g., stealing, 
promiscuous sexual behavior, and attempted suicide) were positively associated with substance 
use experience in adolescent girls with an eating disorder (Wiederman & Pryor, 1996b).  
Although interesting, no twin study that has been conducted to date directly examined the extent 
to which genetic and environmental variation in Novelty Seeking explains the genetic and 
environmental covariation in eating pathology and alcohol use. 
 
1.6. Summary 
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There are a plethora of risk factors for eating pathology, including social, biological, and the 
more recently studied genetic risk factors.  Even though many twin studies have examined 
genetic and environmental influences on clinical eating disorders and disordered eating attitudes 
and behaviors, little is known about whether these risk factors are common or specific to certain 
eating attitudes and behaviors.  There is even less research investigating whether specific genetic 
variants are associated with eating pathology and if there are common or specific genetic and 
environmental risk factors among eating pathology, substance use, and personality.   
Utilizing data from the community twin sample of the Colorado Center for Antisocial Drug 
Dependence (CADD; Rhea, Gross, Haberstick, & Corley, 2006), this dissertation sought to 
address three questions.  First, are the disordered eating characteristics examined in the CADD 
influenced by both genetic and environmental effects?  Second, to the extent that there are 
genetic factors influencing disordered eating characteristics, are polymorphisms in SLC6A4 
associated with these characteristics?  Finally, if there are genetic and environmental influences 
on disordered eating, do they overlap with genetic and environmental risk factors for substance 
use and personality traits?  By addressing each of these questions, we can obtain a better 
understanding of how genetic and environmental factors may influence the risk for multiple traits 
and help improve prevention and treatment programs for eating pathology. 
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Chapter 2 
 
Bivariate Analysis of Disordered Eating Characteristics in Adolescence and Young 
Adulthood1 
 
2.1. Introduction 
Investigations of genetic and environmental influences on disordered eating characteristics 
have primarily relied on the classical twin design (e.g., Bulik, Sullivan, & Kendler, 1998; Spanos 
et al., 2010; Wade et al., 1998).  Disordered eating characteristics that are often present in 
anorexia and bulimia nervosa are binge eating and weight and shape concerns.  Twin studies of 
these characteristics have shown that heritability point estimates ranged from 17%-82% for binge 
eating (Bulik et al., 1998; Bulik, Sullivan, & Kendler, 2003; Reichborn-Kjennerud et al., 2003; 
Reichborn-Kjennerud, Bulik, Tambs, & Harris, 2004; Wade, Treloar, & Martin, 2008), 62-64% 
for shape concerns (Spanos et al., 2010; Wade et al., 1998), and 66% for weight concerns 
(Spanos et al., 2010), with the remaining phenotypic variance due to non-shared environmental 
effects (i.e., factors that account for differences among individuals in the same family).  Notably, 
in the study by Wade et al. (1998), shared environment (i.e., environmental influences that 
account for similarities among members of the same family) and non-shared environment 
influenced weight concerns in adult women in roughly equal proportions.  In a study 
investigating multiple age ranges, shared and non-shared environment predominantly influenced 
a combined measure of weight and shape concerns in 10-12 year old girls, whereas additive 
genetic and non-shared environment solely influenced this same trait in 13-41 year old 
adolescent girls and women (Klump et al., 2010). 
                                                 
1
 This chapter is published as: Munn, M. A., Stallings, M. C., Rhee, S. Hyun, Sobik, L. E., Corley, R. P., Rhea, S. 
A., & Hewitt, J. K. (2010). Bivariate analysis of disordered eating characteristics in adolescence and young 
adulthood. International Journal of Eating Disorders,43, 751-761. doi:10.1002/eat.208454 
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Although these studies suggest that genetic factors influence these important characteristics, 
there has been little attention to understanding how common genetic and common environmental 
factors may influence these frequently co-occurring traits.  A few studies have utilized 
multivariate analyses to investigate common etiological factors underlying binge eating and 
obesity (Bulik et al., 2003) and binge eating and purging behaviors (Sullivan, Bulik, & Kendler, 
1998), and one study (Mazzeo et al., 2010) examined genetic and environmental influences on 
bulimia nervosa by including individual binge eating and weight/shape concerns items in a 
common-factor model.  To date, no study has directly investigated the potential for common 
etiological factors underlying binge eating and weight/shape concerns. 
This study aimed at extending previous literature in two ways.  First, we examined the 
genetic and environmental risk factor overlap between binge eating and weight/shape concerns.  
While prior studies have examined these characteristics individually, the use of a bivariate model 
is important to understand whether these two traits, which are frequently present in individuals 
with anorexia and bulimia nervosa, share genetic and environmental risk factors.  Second, we 
included nontwin siblings to test whether there were twin-specific shared environmental 
influences on disordered eating characteristics, as this has not been previously examined in the 
eating pathology literature.  Although earlier work has shown that there are no differences 
between twins and nontwin samples in rates of psychiatric disorders (Kendler, 1993), recent 
studies of substance use behaviors that include twins and nontwin siblings suggest that twins 
share more similar environments than other siblings in the family (Rhee et al., 2003), and 
substance use often co-occurs with eating pathology (Anzengruber et al., 2006; Root et al., 
2010b).  The presence of such twin-specific shared environments could reflect more shared peer 
groups among twins than nontwin siblings, twin cooperation, and/or use of a co-twin instead of a 
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nontwin sibling as a model for eating attitudes and behaviors.  The use of nontwin siblings not 
only extends the generalizability of these findings to nontwin populations (Ehringer, Rhee, 
Young, Corley, & Hewitt, 2006; Stoel, De Geus, & Boomsma, 2006), but also increases power 
(Posthuma & Boomsma, 2000). 
  
2.2. Materials and Methods 
2.2.1. Participants 
Study participants included 1398 female twins (710 monozygotic (MZ), 437 dizygotic (DZ), 
251 opposite-sex (OS)) and 72 of their female nontwin siblings, for a total of 1470 individuals.  
Participants included 53 trios (i.e., twin-twin-sibling; 38 MZ, 15 DZ), 507 twin-twin pairs (310 
MZ, 197 DZ), 19 twin-sibling pairs (1 MZ, 1 DZ, 17 female OS twins with a female sibling), and 
259 single-responding twin individuals (13 MZ, 12 DZ, 234 female siblings of OS pairs).  All 
subjects were participants in the Colorado Center for Antisocial Drug Dependence (CADD; PIs 
Crowley & Hewitt), which is an ongoing, longitudinal twin and family study of substance use, 
antisocial behavior, and comorbid psychopathology.  The CADD twin sample was drawn from 
the Colorado Community Twin Study (CTS) and Longitudinal Twin Study (LTS), conducted at 
the Institute for Behavioral Genetics at the University of Colorado (Rhea et al., 2006).  For CTS 
families, twins were recruited by birth records obtained through the Colorado Department of 
Health, Division of Vital Statistics or through primary and secondary schools in Colorado 
beginning in 1983.  Twins born from 1968 onwards were invited to participate in the CTS and 
willing participants born between 1980 and 1990 were included in the CADD study.  The LTS 
population is a somewhat more restricted sample, as families were recruited only from the 
Colorado Department of Health, Division of Vital Statistics, only from the greater Denver 
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metropolitan area, and only from families whose twins had healthy birth weights and gestational 
ages born between 1984 and 1990.  The CADD sample was comparable with the larger sample 
of twin families from which it was drawn (Rhea et al., 2006). 
Participants were included in this study based on the following criteria: 1) all individuals 
were female; 2) individuals must have been 16 years old or older (in order to minimize the 
effects of pubertal development on genetic and environmental influences on eating pathology 
(Klump et al., 2000, 2007a, 2007b; Klump, McGue, & Iacono, 2003; Klump, Perkins, Burt, 
McGue, & Iacono, 2007b); 3) twins and nontwin siblings who were part of the same family must 
have been tested within two years of each other; and 4) when there were multiple assessments 
(the study is an ongoing longitudinal study), the first assessment which met the age 16 or older 
criterion was utilized.  Males were initially examined in the data set, but due to the difference in 
factor structure and low item endorsement rates for all of the items, they were not included in the 
current study.  The average age difference between twins at time of testing was 0.03 + 0.18 
years, the average age difference at time of testing between twin 1 and her sibling was 2.62 + 
1.42 years, and the average age difference at time of testing between twin 2 and her sibling was 
2.53 + 1.40 years. 
The CADD protocol was approved by the University of Colorado’s Institutional Review 
Board.  All participants gave informed consent (if 18 years old or older) or assent (if 17 years old 
or younger), and parents also provided informed consent for participants under age 18.  All 
subjects were paid for participation. 
2.2.2. Assessments 
Participants answered seven questions about eating attitudes and behaviors (Freund, Graham, 
Lesky, & Moskowitz, 1993; Vandereycken, 1992) (see Table 2.1).  These questions asked 
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participants if they had ever endorsed or engaged in these eating attitudes and behaviors in their 
lifetimes.  Individuals with incomplete data were included in basic descriptive statistics (see 
Table 2.2).  For the binary factor analyses and all subsequent analyses, complete data were 
required (i.e., answering yes or no to each of the seven items of the eating pathology screening 
tool).  However, 99% (n = 1389) of twins and 100% (n = 72) of nontwin siblings had complete 
data on the seven items.  Thus, there was minimal missing data. 
 
 
Table 2.1 
 
Seven-Item Eating Pathology Screening Tool Items, Item Endorsement Rates, and Factor 
Analyses Results 
 
Items Item Endorsement Factor 1 Factor 2 
Do you feel fat even though others say you 
look thin? 
0.46 0.77 0.03 
Do you think about staying thin almost all the 
time? 
0.31 0.87 -0.10 
Do you ever make yourself throw up after 
eating? 
0.03 0.62 0.06 
Do you ever eat less than usual for several 
days when you are upset? 
0.28 0.50 0.02 
Do you ever eat in secret? 0.10 0.19 0.47 
Is it sometimes hard to stop eating? 0.24 0.14 0.66 
Do you ever eat more than usual for several 
days when you are upset? 
0.19 -0.12 0.96 
 
Note. Factor loadings greater than 0.30 are highlighted in bold type.  Confirmatory factor 
analysis fit statistics: χ2 = 26.30, df = 11, p = 0.01, RMSEA = 0.03.  Factor 1 was termed weight 
and shape concerns and behaviors (WSCB); Factor 2 was termed binge eating (BE).  Questions 
asked whether participants ever endorsed these eating attitudes and behaviors in their lifetime. 
 
 
Item-level phenotypic factor analyses were conducted using Mplus version 4.1 (Muthén & 
Muthén, 1998-2007) to investigate the dimensional structure underlying the seven-item eating 
pathology screening tool.  Because the items were dichotomous (i.e., yes/no), we used binary 
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factor analysis, which takes into account differences in endorsement rates for each of the items.  
Promax rotation was used to allow a correlation between the factors.  We used three sources for 
determining the number of factors to be extracted:  Kaiser’s Rule (i.e., eigenvalues greater than 
one), the scree plot, and interpretation of the factor loadings.  Item endorsements ranged from 
0.03 (self-induced vomiting) to 0.46 (feeling fat although others say you look thin) (Table 2.1). 
Exploratory factor analyses suggested that there were one or two factors underlying the data 
(eigenvalues: Factor 1 = 3.46, Factor 2 = 1.09).  Although the three- and four-factor solutions 
were also considered, these solutions yielded eigenvalues less than 1.00 (Factor 3 = 0.74, Factor 
4 = 0.54).  Moreover, only one item loaded on the third factor (eating more than usual when you 
are upset).  Given that factors having only a single item loading are poorly defined, confirmatory 
factor analyses only compared the one- and two-factor solutions.  Model-fits were assessed using 
chi-square (χ2) values and the root mean square error of approximation (RMSEA), where lower 
RMSEA values indicated better fit (Browne & Cudeck, 1993).  Confirmatory factor analyses 
indicated that the one-factor solution provided a poorer fit to the data (χ2 = 135.17, df = 12, p < 
0.01, RMSEA = 0.08) than the two-factor solution (χ2 = 26.30, df = 11, p = 0.01, RMSEA = 
0.03).  Four items loaded highest on Factor 1 (feeling fat though others say you are thin, thinking 
about staying thin, self-induced vomiting, and eating less than usual when upset) and three items 
loaded highest on Factor 2 (eating in secret, finding it hard to stop eating, and eating more than 
usual when upset) (Table 2.1).  Items loading on the first factor reflect key attitudes and 
behaviors that are seen in both anorexia and bulimia nervosa, whereas items loading on the 
second factor are commonly seen in individuals with the binge-purge subtype of anorexia and 
bulimia nervosa and binge eating disorder.  The correlation between the two factors was 0.60. 
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Given these results, a two-factor solution was retained and used for subsequent analyses.  
Factor 1 was termed weight and shape concerns and behaviors (WSCB) and Factor 2 was termed 
binge eating (BE) (see Table 2.1).  Ordinal factor scores were derived by simply summing (unit 
weights) the items loading highest on the respective factors. Thus, scores for WSCB ranged from 
0 to 4 and for BE ranged from 0 to 3.  Because of the low number of participants who endorsed 
all four WSCB items (n = 23), individuals who endorsed either three or four of these items were 
combined into one category (labeled 3+).  Higher scores indicate more severe levels of 
disordered eating.  In the current study, the internal consistency of WSCB and BE was modest 
(Chronbach’s α = 0.55 for WSCB and 0.57 for BE).  Previous studies (Freund et al., 1993; 
Vandereycken, 1992) have shown that these items are reliable (Chronbach’s α > 0.69; 
Vandereycken, 1992) and show acceptable sensitivity and specificity between women with 
anorexia or bulimia nervosa and controls (Freund et al., 1993; Vandereycken, 1992). 
2.2.3. Zygosity determination 
All opposite-sex twins were necessarily assigned DZ twin status.  For 98% of the same-sex 
twins for whom genetic data were available (n = 1125), zygosity was determined by genetic 
analysis of at least 11 highly informative short tandem repeat polymorphisms (Rhea et al., 2006).  
Co-twins concordant for all genetic markers were classified as MZ and co-twins discordant for 
any genetic markers were classified as DZ.  For the 2% of same-sex twins for whom genetic data 
were unavailable (n = 22), zygosity assignment was determined using a modified version of the 
Nichols and Bilbro questionnaire (Nichols & Bilbro, 1966): a nine-item assessment of physical 
characteristics, such as eye color, hair color and curliness, height, weight, how often the twins 
were mistaken for their co-twin by others, and opinions of their own zygosity.  Rules for 
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assigning zygosity based on the Nichols and Bilbro questionnaire have been shown to classify 
MZ and DZ twins with greater than 90% accuracy (Nichols & Bilbro, 1966). 
2.2.4. Statistical analyses 
2.2.4.1. Threshold specifications 
Because the distributions of overall scores on WSCB and BE were positively skewed and 
reflected ordinal versus continuous measures, we chose to use a threshold approach to analyze 
the data.  Multiple threshold models were fit to the raw ordinal data for the disordered eating 
characteristics in the statistical package Mx (Neale, Boxer, Xie, & Maes, 2006), which allowed 
for missing data.  Threshold models assume a normal, continuous underlying liability 
distribution, where particular thresholds on the liability distribution give rise to the observed 
ordinal scores.  Thus, for both WSCB and BE, three thresholds were used that reflected a change 
in the ordinal score from 0 to 1 (i.e., threshold 1), 1 to 2 (i.e., threshold 2), and 2 to 3/3+ (i.e., 
threshold 3). 
Of note is the wide age range (16 – 26 years) in the participants.  Correcting for age using 
standard regression procedures, as is done with continuous data, is not appropriate for ordinal 
data.  For ordinal data, age-dependent thresholds were used for calculating all correlations and 
for biometrical model-fitting.  Taking into account age-dependent thresholds allows the 
endorsement rates on the ordinal WSCB and BE scales to differ depending on an individual’s 
age.  Separate thresholds were estimated for six different age groups: 16, 17, 18, 19, 20, and 21-
26 year olds.  Participants who were 21 to 26 years old were combined into one group because of 
the low number of individuals at each of those particular ages.  
2.2.4.2. Descriptive information 
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Descriptive statistics were analyzed using SPSS version 12.0 (SPSS, 2004).  For these 
analyses, all female subjects (i.e., MZ twins, DZ twins, OS female twins, and nontwin siblings) 
were examined to investigate the underlying structure of the seven-item eating pathology 
screening tool. 
2.2.4.3. Correlations 
Polychoric correlations (within-trait and cross-trait sibling correlations) for MZ twins (rMZ), 
DZ twins (rDZ), and siblings (rSib) were computed in Mx (Neale et al., 2006) to provide initial 
information regarding genetic and environmental influences on these traits.  Polychoric 
correlations were utilized instead of Pearson correlations because data were ordinal rather than 
continuous.  Interpretations of polychoric correlations (and 95% confidence intervals (CIs)) are 
identical to that of correlations obtained for continuous measures. 
With respect to twin correlations, additive genetic influences are present if the rMZ is greater 
than the rDZ, and non-shared environmental influences are present if the rMZ is less than one.  By 
comparing the rDZ to half of the rMZ, we can determine if shared environmental influences or 
dominance effects are present.  If rDZ is less than half of the rMZ, there is evidence for dominance 
effects.  If rDZ is equal to half of the rMZ, shared environmental effects are absent.  If rDZ is 
greater than half of the rMZ, there is evidence for shared environmental effects. 
The rSib is compared with the rDZ to determine whether any twin-specific shared 
environmental influences (i.e., environmental influences that are shared only among twins or 
same-age siblings) are present.  If the rSib is lower than the rDZ, there is evidence for twin-specific 
shared environment; if the two correlations are equal, any shared environmental influences 
present in the data are due to environments shared by all siblings in a family (i.e., there is no 
twin-specific shared environment). 
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Correlations between WSCB and BE were also examined in the three groups, including 
cross-sibling, cross-trait correlations.  These demonstrate the relative influence of genetic and 
environmental effects to the correlation (or covariance) between the two traits.  This rationale is 
identical to the univariate analysis described above, except that the etiology of the covariance 
between traits rather than the variance of the traits is examined, and non-shared environmental 
influences on the correlation are present if the MZ cross-trait correlation is less than the 
phenotypic correlation.  
2.2.4.4. Univariate and bivariate twin analyses 
Univariate model-fitting analyses examined the magnitude of additive genetic (A; sum of the 
accumulation of multiple genes impacting a trait), shared environmental (C; environmental 
influences that account for similarities among members of the same family), and non-shared 
environmental (E; environmental influences that account for differences among members of the 
same family) influences on WSCB and BE.  Notably, non-shared environmental influences also 
include measurement error.  Because we included nontwin siblings in the analyses, we were also 
able to examine the presence of twin-specific shared environmental influences (T; environmental 
influences that are shared only among twins or same-age siblings). 
A Cholesky decomposition (or lower diagonal factorization) was used for bivariate twin 
analyses (Neale & Cardon, 1992) in order to assess the magnitude of A, C, T, and E.  A path 
diagram of the full bivariate model between WSCB and BE is shown in Figure 2.1.  This 
diagram includes the latent variables that give rise to the additive genetic effects common to 
WSCB and BE (A1) and unique to BE (A2), as well as the shared environmental effects common 
to WSCB and BE (C1) and unique to BE (C2).  T1 describes the twin-specific shared 
environmental effects common to WSCB and BE, whereas T2 describes these effects which are 
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unique to BE; E1 describes the non-shared environmental effects that are common to the two 
traits, whereas E2 describes non-shared environmental effects that are unique to BE.  Further, the 
diagram includes the path coefficients that determine the additive genetic (aij), shared 
environmental (cij), twin-specific shared environmental (tij), and non-shared environmental (eij) 
variances and covariances for the two traits. 
For both univariate and bivariate model-fitting analyses, multiple submodels of the full 
ACTE model were fit to the data that constrained the magnitude of one or more of these 
influences to zero (i.e., the submodels include the ACE, ATE, AE, TE, and E models).  Model-
fitting analyses were conducted using the statistical package Mx (Neale et al., 2006).  Standard 
chi-square (χ2) difference tests (Neale et al., 2006) were used to compare the fit of nested 
submodels to the full ACTE model.  When comparing nested models, p-values less than 0.05 for 
the χ2 difference test indicate that the nested submodel provides a poorer fit to the data than the 
full model.  Akaike’s Information Criteria (AIC; Akaike, 1987) was used for comparing non-
nested models.  Lower AIC values indicate better-fitting and more parsimonious models. 
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Figure 2.1. Path Diagram of a Bivariate Cholesky Decomposition for Weight and Shape 
Concerns and Behaviors (WSCB) and Binge Eating (BE) 
A1 C1 A2 C2
T1 E1 T2 E2
WSCB BE
a11
c11
a21
c21
a22 c22
t11
e11
t21
e21
t22 e22
 
 
Figure 2.1. A1 = additive genetic effects common to WSCB and BE; A2 = additive genetic 
effects unique to BE; C1 = shared environmental effects common to WSCB and BE; C2 = shared 
environmental effects unique to BE; T1 = twin-specific shared environmental effects common to 
WSCB and BE; T2 = twin-specific shared environmental effects unique to BE; E1 = non-shared 
environmental effects common to WSCB and BE; E2 = non-shared environmental effects unique 
to BE; a11 = effect of A1 on WSCB; a21 = effect of A1 on BE; a22 = effect of A2 on BE; c11 = 
effect of C1 on WSCB; c21 = effect of C1 on BE; c22 = effect of C2 on BE; t11 = effect of T1 on 
WSCB; t21 = effect of T1 on BE; t22 = effect of T2 on BE; e11 = effect of E1 on WSCB; e21 = 
effect of E1 on BE; e22 = effect of E2 on BE. 
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2.3. Results 
2.3.1. Descriptive data 
Table 2.2 describes the demographic characteristics of the sample and endorsement rates for 
WSCB and BE.  The mean age of all participants in the sample was 18.35 + 1.68 years (range: 
16.00 to 26.05).  The average number of days between assessing participants within the same 
family was 27.3 days, with 97.2% tested within one year of each other.  The percentage of 
females who endorsed at least one WSCB item was 59.9%; the percentage who endorsed at least 
one BE item was 34.8%. 
Table 2.2 
 
Demographic Characteristics 
 
 MZ DZ OS Females Siblings Total 
N 710 437 251 72 1470 
Age (mean + SD) 
        Range 
18.28 + 1.63 years 
16.02 – 25.91 
18.08 + 1.56 years 
16.02 – 26.05 
18.81 + 1.66 years 
16.00 – 25.01 
19.43 + 2.15 years 
16.11 – 24.94 
18.37 + 1.68 years 
16.00 – 26.05 
% of participants endorsing 
WSCB items 
     
0 41.7 40.0 33.9 45.8 40.1 
1 23.8 27.2 23.9 33.3 25.3 
2 23.2 19.0 27.1 11.1 22.0 
3 9.9 10.5 13.5 6.9 10.5 
4 1.0 2.5 1.2 2.8 1.6 
Missing 0.4 0.7 0.4 0.0 0.5 
% of participants endorsing  
BE items 
     
0 67.0 67.0 56.6 66.7 65.2 
1 18.3 19.9 25.1 20.8 20.1 
2 11.4 9.8 12.7 8.3 11.0 
3 3.1 3.2 5.2 4.2 3.5 
Missing 0.1 0.0 0.4 0.0 0.1 
 
Note. MZ = monozygotic twin; DZ = dizygotic twin; OS = opposite-sex twin; SD = standard deviation; WSCB = weight and shape 
concerns and behaviors; BE = binge eating.
42
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2.3.2. Polychoric correlations 
Sibling polychoric correlations are presented in Table 2.3.  Of particular note is the rSib 
column.  When we tested whether there were differences between the nontwin sibling 
correlations for each of the three zygosity groups (i.e., MZ, DZ, and OS), the different nontwin 
sibling correlations could be constrained to be equal.  Therefore, the rSib column represents the 
nontwin sibling correlation utilizing all nontwin sibling pairings irrespective of the twin zygosity 
status. 
Comparisons of the sibling polychoric correlations show that the rMZ is larger than the rDZ for 
both WSCB and BE, which suggests that there is evidence for genetic influences on both traits.  
There is also evidence for twin-specific shared environmental effects since the rSib for WSCB 
and BE is lower than the respective rDZ.  Cross-sibling, cross-trait correlations (i.e., WSCB-BE) 
again suggest that there are genetic influences contributing to the correlation between these traits, 
as the rMZ is larger than the rDZ.  However, the cross-trait correlations between WSCB and BE for 
DZ twin pairs (rDZ) and nontwin siblings (rSib) are almost identical, indicating no twin-specific 
shared environmental influence on the covariation between WSCB and BE.  Note that there are 
relatively wide 95% CIs for all of the correlations.  Confidence intervals for the nontwin sibling 
correlations for WSCB, BE, and WSCB-BE include zero, indicating that we have limited power 
to differentiate between shared environmental influences common to all siblings in a family (C), 
and shared environmental influences specific to same-age siblings (T).  Moreover, z-tests of 
equality suggest that the rDZ and the rSib are not significantly different for WSCB, BE, and 
WSCB-BE (all ps > 0.05); thus, twin-specific shared environmental influences are likely not 
significant. 
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Table 2.3 
 
Polychoric Correlations for Weight and Shape Concerns and Behaviors (WSCB) and Binge 
Eating (BE) 
 
 
Factor 
rMZ 
(n = 348 pairs) 
rDZ 
(n = 212 pairs) 
rSib 
(n = 125 pairs) 
WSCB 0.42 
(0.31-0.52) 
0.28 
(0.12-0.41) 
0.13 
(-0.13-0.32) 
BE 0.47 
(0.34-0.60) 
0.29 
(0.09-0.46) 
0.22 
(-0.07-0.42) 
WSCB-BE 0.28 
(0.19-0.37) 
0.16 
(0.00-0.27) 
0.17 
(-0.03-0.32) 
 
Note. rMZ = monozygotic twin correlation; rDZ = dizygotic twin correlation; rSib = nontwin sibling 
correlation.  Ninety-five percent confidence intervals are reported in parentheses.  The rSib is 
constrained across MZ, DZ, and female opposite-sex zygosity groups (i.e., the 125 sibling pairs 
is the number of pairings for nontwin siblings with MZ, DZ, and female opposite-sex 
individuals). 
 
 
2.3.3. Univariate model-fitting 
Table 2.4 shows the univariate model-fitting results for the full ACTE model and various 
submodels.  Model comparisons indicated that the CE and E models were the only models that 
could be clearly rejected by χ2 difference tests for both WSCB and BE.  Further, with the 
exception of the CE model, shared environmental influences (c2) were estimated near zero in all 
other models, indicating little evidence for environmental influences shared by nontwin siblings.  
Thus, any shared environmental influences that are present appear to be specific to twins or 
same-age siblings (t2).  The univariate ATE, AE, and TE models all provided adequate fit to the 
data; however, the AE model had the lowest AIC value for both WSCB (780.40) and BE (-
206.36).  According to this criterion, the best-fitting and most parsimonious model is the AE 
model for both WSCB and BE.  Under an AE model, additive genetic influences accounted for 
43% (95% CI: 0.33-0.52) of the overall phenotypic variance for WSCB and 48% (95% CI: 0.36-
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0.58) of the overall phenotypic variance for BE.  Non-shared environmental influences 
accounted for 57% (95% CI: 0.48-0.68) and 52% (95% CI: 0.42-0.64) of the overall phenotypic 
variance for WSCB and BE, respectively. 
Table 2.4 
 
Univariate Model-Fitting Results for Weight and Shape Concerns and Behaviors (WSCB) and Binge Eating (BE) 
 
Factor Model a2 c2 t2 e2 -2LL AIC ∆χ2
 
∆df ∆p 
WSCB ACTE 0.29 
(0.00-0.51) 
0.00 
(0.00-0.25) 
0.13 
(0.00-0.37) 
0.58 
(0.49-0.69) 
3703.31 783.31 --- --- --- 
 CTE --- 0.13 0.23 0.64 3706.28 784.28 3.00 1 0.09 
 ATE 0.29 --- 0.13 0.58 3703.31 781.31 0.00 1 --- 
 ACE 0.41 0.02 --- 0.57 3704.39 782.39 1.08 1 0.30 
 CE --- 0.33 --- 0.67 3710.60 786.60 7.29 2 0.03 
 AE 0.43 
(0.33-0.52) 
--- --- 0.57 
(0.48-0.68) 
3704.40 780.40 1.09 2 0.06 
 TE --- --- 0.36 0.64 3707.62 783.62 4.32 2 0.12 
 E --- --- --- 1.00 3760.05 834.05 56.75 3 <0.001 
BE ACTE 0.39 
(0.00-0.58) 
0.02 
(0.00-0.33) 
0.07 
(0.00-0.37) 
0.52 
(0.42-0.65) 
2727.39 -202.62 --- --- --- 
 CTE --- 0.20 0.20 0.60 2730.54 -201.46 3.15 1 0.08 
 ATE 0.40 --- 0.07 0.52 2727.40 -204.61 0.01 1 0.92 
 ACE 0.44 0.03 --- 0.52 2727.60 -204.42 0.19 1 0.66 
 CE --- 0.37 --- 0.63 2733.17 -200.83 5.78 2 0.06 
 AE 0.48 
(0.36-0.58) 
--- --- 0.52 
(0.42-0.64) 
2727.63 -206.38 0.24 2 0.89 
 TE --- --- 0.40 0.60 2732.74 -201.26 5.35 2 0.07 
 E --- --- --- 1.00 2779.79 -156.21 52.40 3 <0.001 
 
Note. a2 = additive genetic effects; c2 = common environmental effects shared by nontwin siblings; t2 = twin-specific shared 
environmental effects; e2 = non-shared environmental effects; -2LL = -2 log likelihood; AIC = Akaike’s Information Criterion; ∆χ2 = 
chi-square difference test.  All submodels are nested under the full ACTE model.  Ninety-five percent confidence intervals are 
presented in parentheses for the full and best-fitting models.  The best-fitting model is indicated by the bold type. 
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2.3.4. Bivariate model-fitting 
Parameter estimates and 95% CIs from the full ACTE bivariate model (Model 1 in Table 
2.5) are presented in Figure 2.2.  Path coefficients that could be dropped from the model without 
yielding a significant decrement in fit are represented by dotted arrows, whereas those that could 
not be dropped from the model are represented by solid arrows.  Consistent with the univariate 
findings, the shared environmental effects common to nontwin siblings (c2) were estimated at 
zero and could therefore be dropped from the model.  Thus, C was dropped from all subsequent 
submodels, resulting in ATE, AE, TE, and E only submodels (Table 2.5).  Despite identifying 
the AE model as the best-fitting model in the univariate analyses (according to AIC), the ATE 
and TE models still provided adequate fit to the data, as determined by other fit statistics.  The 
use of a bivariate analysis increases power to distinguish between multiple models.  When 
comparing the nested AE (Model 3) and TE (Model 4) models to the ATE (Model 2) model in 
the bivariate analysis, only the AE model provided an acceptable fit to the data (∆χ2 = 2.98, p = 
0.39).  Bivariate results corroborate those of the best-fitting univariate twin models, indicating 
that additive genetic influences account for 42% and 49% of the overall phenotypic variance in 
WSCB and BE, respectively.  The remaining variance is due to non-shared environmental 
influences.  Formulas for how to calculate these estimates based on the path coefficients in 
Figure 2.1 are presented in Table 2.6.  
Table 2.5 
 
Bivariate Model-Fitting Results for Weight and Shape Concerns and Behaviors (WSCB) and Binge Eating (BE) 
 
   
Model-Fit   Comparative Fit 
 
Model Number Model -2LL df AIC ∆χ2 ∆df ∆p 
1 ACTE 6266.82 2923 420.82 --- --- --- 
2 ATE 6266.82 2926 414.82 0.00 3 --- 
3 AE 6269.80 2929 411.80 2.98 6 0.81 
4 TE 6276.49 2929 418.49 9.65 6 0.14 
5 E 6371.33 2932 507.33 104.52 9 <0.001 
6* AE, drop a21 6308.76 2930 448.76 38.97 1 <0.001 
7* AE, drop a22 6286.66 2930 426.66 16.86 1 <0.001 
8* AE, drop e21 6285.19 2930 425.19 15.39 1 <0.001 
9* AE, drop a21 e21 6432.02 2931 570.02 162.23 2 <0.001 
 
Note. A = additive genetic effects; C = common environmental effects shared by nontwin siblings; T = twin-specific shared 
environmental effects; E = non-shared environmental effects; -2LL = -2 log likelihood; AIC = Akaike’s Information Criterion; ∆χ2 = 
chi-square difference test statistic.  Submodels 2 through 5 are nested under the full ACTE model.  Submodels denoted by * are nested 
under Model 3.  The best-fitting model is indicated by the bold type. 
 
 
48
 
  49 
 
Figure 2.2. Path Diagram for the Full Bivariate Cholesky Decomposition 
 
A1 C1 A2 C2
T1 E1 T2 E2
0.51
(0.10-0.70)
0.00
(0.00-0.48) 0.59
(0.20-0.76)
0.00
(-0.48-0.54) 0.21
(0.00-0.62)
0.00
(0.00-0.47)
0.39
(0.00-0.60)
0.76
(0.70-0.83)
-0.03
(-0.54-0.54)
0.19
(0.10-0.30)
0.30
(0.00-0.56)
0.69
(0.62-0.77)
WSCB BE
 
 
Figure 2.2. WSCB = weight and shape concerns and behaviors; BE = binge eating; A = additive 
genetic effects; C = shared environmental effects; T = twin-specific shared environmental 
effects; E = non-shared environmental effects.  Dotted arrows represent path coefficients that 
could be dropped from the model, whereas solid arrows represent path coefficients that could not 
be dropped from the model.  Ninety-five percent confidence intervals (CIs) are presented in 
parentheses. The CIs contributing to the variance of WSCB and BE were constrained to be non-
negative.
Table 2.6 
 
Calculations for Additive Genetic and Non-Shared Environmental Influences on Disordered Eating Characteristics Using Path 
Coefficients from the Best-Fitting Bivariate Model 
 
Statistic Formula Model-Based 
Estimate 
Additive genetic influences   
  a2WSCB a11
2
 0.42 
  a2BE a21
2
 + a22
2
 0.49 
WSCB-BE genetic covariance a11 x a21 0.29 
WSCB-BE genetic correlation, ra a11 x a21 / √(a2WSCB x a2BE) 0.64 
Non-shared environmental influences   
  e2WSCB e11
2
 0.58 
  e2BE e21
2
 + e22
2
 0.52 
WSCB-BE non-shared environmental covariance e11 x e21 0.15 
WSCB-BE non-shared environmental correlation, re e11 x e21 / √(e2WSCB x e2BE) 0.27 
Phenotypic correlations   
  % of phenotypic correlation due to additive 
  genetic influences 
(a11 x a21) / (a11 x a21) + (e11 x e21) 0.65 
  % of phenotypic correlation due to non-shared  
  environmental influences 
(e11 x e21) / (a11 x a21) + (e11 x e21) 0.35 
 
Note. a2 = additive genetic influences; e2 = non-shared environmental influences; WSCB = weight and shape concerns and behaviors; 
BE = binge eating; ra = genetic correlation between WSCB and BE that is due to additive genetic influences; re = environmental 
correlation between WSCB and BE that is due to non-shared environmental correlations.  Calculations for shared environmental and 
twin-specific shared environments can be conducted in a similar manner using the respective path coefficients.
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Although the AE model (model 3) provided the best-fit of the first five models in Table 2.5, 
we wanted to test whether the additive genetic and/or non-shared environmental covariances 
could be dropped from the model.  Thus, we compared the fit of models 6 through 9 with the fit 
of model 3.  Models 6 through 9 investigated whether specific path coefficients within the AE 
model are necessary or can be dropped.  Results indicated that all four of the submodels provided 
a significantly worse fit to the data; both the additive genetic and non-shared environmental 
covariances could not be dropped from the model (Figure 2.3).  These results suggest that there 
are additive genetic and non-shared environmental influences contributing to the covariance 
between WSCB and BE.  Although the univariate analyses suggested that twin-specific shared 
environmental effects may contribute to the variance of WSCB and BE, bivariate analyses 
suggest that these effects are not substantial and do not contribute to the covariation between the 
two disordered eating characteristics.  The genetic correlation between the two disordered eating 
characteristics was estimated at 0.64 and the non-shared environmental correlation was 0.27.  
Also, 65% of the expected phenotypic correlation between WSCB and BE was due to common 
genetic influences, with the remainder of the correlation due to non-shared environmental 
influences.  Although model fits and estimates of genetic and environmental correlations are 
invariant to the order of the variables in the analysis, for completeness we reversed the order of 
the dependent variables to examine the residual additive genetic and non-shared environmental 
effects on WSCB with BE entered first.  The parameter estimates and 95% CIs for the genetic 
and environmental factor loadings were very similar across the two models.  Table 2.6 shows 
how the genetic and environmental covariations and the covariance components are derived from 
the parameter estimates shown in Figure 2.3. 
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Figure 2.3. Path Diagram for the Best-Fitting Bivariate Cholesky Decomposition 
 
A1 A2
E1 E2
0.65
(0.51-0.72) 0.44(0.31-0.56)
0.54
(0.41-0.64)
0.76
(0.69-0.82)
0.20
(0.10-0.30)
0.69
(0.62-0.77)
WSCB BE
 
 
Figure 2.3. WSCB = weight and shape concerns and behaviors; BE = binge eating; A = additive 
genetic effects; E = non-shared environmental effects.  Ninety-five percent confidence intervals 
(CIs) are presented in parentheses.  The CIs contributing to the variance of WSCB and BE were 
constrained to be non-negative. 
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2.4. Discussion 
This study aimed to examine the magnitude of genetic and environmental influences on 
weight/shape concerns and behaviors (WSCB) and binge eating (BE), and their covariance, in 
adolescent and young adult female twins and their female nontwin siblings.  Item-level 
phenotypic factors derived from a seven-item eating pathology screening tool produced two 
factors: WSCB and BE.  In the univariate analyses, the best-fitting models indicated that only 
additive genetic and non-shared environmental effects influenced WSCB and BE.  Similarly, an 
AE model was the best-fitting model for the bivariate analysis (a2 = 0.42 for WSCB; 0.49 for 
BE).  The genetic correlation between WSCB and BE was 0.64 and the non-shared 
environmental correlation was 0.27.  Also, 65% of the overall phenotypic variance was due to 
common genetic influences, with the remainder due to non-shared environmental influences.  
Thus, our findings suggest that there are additive genetic and non-shared environmental factors 
common to both phenotypes, as well as influences that contribute independently to each 
phenotype, perhaps via different genetic and environmental mechanisms. 
Our univariate biometrical model-fitting results corroborate prior studies in adolescents and 
adults in suggesting moderate additive genetic and non-shared environmental influences on 
weight/shape concerns and binge eating (Bulik et al., 1998, 2003; Klump et al., 2010; Reichborn-
Kjennerud et al., 2003; Spanos et al., 2010; Wade et al., 1998, 2008).  One exception is the study 
published by Wade et al. (1998), which found no additive genetic influences on weight concerns.  
Perhaps the age of the two samples impacted these results, as our sample was younger (mean age 
of 18.37) than the sample from Wade et al. (1998), in which women were required to be between 
30 and 45 years old to be included in the study.  Moreover, bivariate results suggest that only 
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additive genetic and non-shared environmental factors influenced the covariation between 
WSCB and BE. 
An important assumption in the classical twin design is the equal environments assumption.  
The equal environments assumption assumes that the shared environmental influences 
contributing to the resemblance of twins for a given trait or phenotype under study are equivalent 
(i.e., are of the same kind and magnitude) for MZ and DZ twins.  If this is violated, one cannot 
attribute the greater similarity of MZ twins (who are genetically identical) over DZ twins (who 
share, on average, only half their alleles identical-by-descent) to genetic effects alone.  Thus, 
violations of this assumption will lead to an overestimation of the importance of genetic effects 
in the classical twin design.  Given that twins in more frequent contact with each other are likely 
to experience more shared environmental experiences than those in infrequent contact, serious 
violations of the equal environments assumption can be examined by testing whether MZ twins 
who are in more frequent contact are more similar phenotypically than MZ twins in less frequent 
contact.  Because MZ twins are genetically identical, any differences cannot be attributable to 
genetic effects but must be environmental in nature.  Therefore, we tested whether the MZ 
correlations for WSCB and BE were significantly different in twin pairs who had frequent 
contact (i.e., living together or having daily contact; n = 275 for WSCB and n = 276 for BE) and 
those who had less frequent contact (i.e., less than daily contact; n = 34 for WSCB and BE).  The 
correlation between MZ twin pairs who were in frequent contact was not significantly different 
from MZ twin pairs in less frequent contact (WSCB: 0.40 vs. 0.27, respectively, p > 0.05; BE: 
0.39 vs. 0.42, respectively, p > 0.05).  Although no significant differences were detected, we 
should point out that the number of MZ twin pairs with infrequent contact was low, but expected 
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given the age of our sample; thus, we do not have sufficient data in this sample to conduct a 
strong test of the equal environments assumption. 
In response to a reviewer’s concern, we also investigated the extent to which individual 
differences in body mass index (BMI) may have contributed to the genetic correlation between 
the two disordered eating characteristics.  We examined this relationship in three ways.  First, we 
examined the phenotypic correlations between BMI (calculated as weight [in kilograms]/height 
[in meters] squared) and WSCB and then BMI and BE.  Although the correlations were 
statistically significant (p-values < 0.001) due to the large number of participants, the point 
estimates were low (0.10 and 0.17, respectively).  Second, we computed the partial phenotypic 
correlation (controlling for BMI) between WSCB and BE (partial r = 0.31) and found that BMI 
accounted for only 10% of the phenotypic relationship (zero-order r = 0.35).  Third, we tested for 
significant differences in the MZ and DZ correlations between BMI and WSCB and then BMI 
and BE.  Using z-tests of equality, there were no significant differences between the MZ and DZ 
correlations for BMI and WSCB or BMI and BE (all p-values > 0.05).  Taken together, these 
data suggest that although BMI makes a modest contribution to the phenotypic correlation 
between WSCB and BE, it does not appear to influence the genetic correlation between the two 
disordered eating characteristics.  These findings support prior research showing that genetic and 
environmental influences on disordered eating were not solely accounted for by BMI (Klump et 
al., 2000; Slof-Op ‘t Landt et al., 2008). 
With respect to the twin-specific shared environmental influences, the full univariate models 
for both disordered eating characteristics suggested that these influences contribute to individual 
differences in WSCB and BE.  However, effect sizes were relatively modest, estimated at 13% 
and 7%, for WSCB and BE, respectively.  The best-fitting AE model (based on AIC) for both 
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traits, as well as the bivariate model (which is more powerful than the univariate model), suggest 
that twin-specific shared environment is not an important contributor to these disordered eating 
characteristics.  These results suggest that findings from twin studies on disordered eating 
characteristics can be generalized to nontwin populations.  Still, the number of nontwin siblings 
in our sample was small, limiting our power to detect these influences. 
There were important strengths to our study.  First, the use of a late adolescent and young 
adult sample allowed us to avoid the possible influence of pubertal effects on individual 
differences in disordered eating characteristics.  Second, this was the first study to directly 
examine whether common genetic and environmental influences on weight/shape concerns and 
binge eating exist.  Last, this was the first study to include nontwin siblings in order to assess 
whether shared environmental effects were unique to twins (twin-specific shared environmental 
influences). 
A number of limitations should also be noted.  First, in our analyses, we required all siblings 
in a family to be tested within two years of each other (97% within one year) to minimize time-
of-measurement influences (e.g., twins and siblings were not assessed on the same day, and there 
was a trend for twins and their nontwin siblings to be tested further apart in time than co-twins).  
Second, the use of ordinal data reduced the power of our analyses, despite relatively large sample 
sizes.  Consequently, 95% CIs for the nontwin sibling polychoric correlations included zero, and 
relatively wide 95% CIs were observed for the parameter estimates in biometrical model-fitting.  
Third, the internal consistency reliabilities for our ordinal measures were modest (Cronbach’s 
alpha = 0.55 for WSCB and 0.57 for BE).  However, confirmatory factor analysis indicated that 
two factors best described the data.  Fourth, given that some of our participants were as young as 
16 years old, it is likely that at least a portion of the participants had not fully passed the age of 
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risk for onset of disordered eating symptoms.  Lastly, we did not examine males in our study, as 
the number of males who endorsed any of the seven items was much lower than in females in our 
sample.  In addition, it is possible that these items do not adequately measure disordered eating 
characteristics in the same way across genders.  Exploratory factor analyses in males (not shown) 
indicated only a single factor (versus the two-factor solution observed for females) underlying 
the data.  For this reason, we did not include males in this study. 
In summary, similar to other studies, WSCB and BE were moderately heritable (a2 = 0.43 to 
0.49), with a genetic correlation of 0.64 and a non-shared environmental correlation of 0.27.  
Although the number of nontwin siblings used in the analyses was relatively small, these results 
provide the first evidence suggesting that findings from twin studies of disordered eating 
characteristics can be generalized to the general nontwin population. 
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Chapter 3 
Examining Associations between Disordered Eating and Serotonin Transporter Gene 
Polymorphisms 
 
3.1. Introduction 
Twin studies have indicated moderate genetic influences on eating pathology, including 
clinical eating disorders (e.g., anorexia nervosa [AN] and bulimia nervosa [BN]) (Bulik et al., 
1998, 2006) and disordered eating characteristics (e.g., body dissatisfaction and binge eating) 
(Bulik et al., 1998; Klump et al., 2007a), yet specific genetic variants contributing to these 
disorders/behaviors have not been clearly identified.  Recently, Klump and Culbert (2007) 
reviewed genetic association studies of eating disorders.  Although the findings have been 
inconsistent, various genetic polymorphisms have been associated with AN and BN.  Of 
considerable interest is the serotonin transporter gene (SLC6A4), which is known to be involved 
in mood and appetite regulation (Lucki, 1998).  An important limitation of this literature is that 
most studies have only investigated a single polymorphism within SLC6A4.  With two 
exceptions (Lauzurica et al., 2003; Martásková et al., 2009), all studies have investigated the 43 
base pair insertion/deletion polymorphism in the promoter region (5-HTTLPR) (Heils et al., 
1996).  Variations in 5-HTTLPR have been shown to regulate basal transcription rates (Heils et 
al., 1996) and are typically characterized as consisting of a short allele, which leads to reduced 
transcriptional efficiency compared with the long allele (Lesch et al., 1996).  Although there 
have been inconsistent findings for both eating disorders, two recent meta-analyses (Calati, De 
Ronchi, Bellini, & Serretti, 2011; Lee & Lin, 2010) showed that having at least one 5-HTTLPR 
short allele increased the risk for AN but not BN. 
Few studies have examined 5-HTTLPR with disordered eating (Akkermann et al., 2008, 
2010; Matsusita et al., 2002), though there is evidence to suggest it precedes the development of 
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clinical eating disorders (Striegel-Moore et al., 1986).  Matsusita et al. (2002) reported that the 
long allele was associated with abnormal eating patterns in Japanese women.  Akkermann et al. 
(2008) found that girls who had two L-alleles and had high platelet monoamine oxidase activity 
had increased scores for drive for thinness compared with individuals who did not have both 
genetic backgrounds.  With respect to binge eating, this same group (Akkermann et al., 2010) 
found that among women who were prone to binge eating and had at least one S-allele, there 
were significantly higher bulimia tendencies scores compared with women who had two L-
alleles.  Collectively, these studies suggest that different disordered eating characteristics maybe 
differentially associated with the 5-HTTLPR genotype.  However, it is unclear whether the S-
allele or L-allele is the “risk” allele. 
Furthermore, despite the identification of other genetic variants, few studies have utilized 
single nucleotide polymorphisms (SNPs) to detect associations between these genetic variants in 
SLC6A4 and eating pathology.  By including multiple polymorphisms, one can investigate 
whether 5-HTTLPR is the true causal variant or if it is in linkage disequilibrium with the true 
disease susceptibility locus. 
We tested the feasibility of using a gene-based approach to investigate associations between 
multiple SNPs in SLC6A4 and two disordered eating characteristics (Munn et al., 2010).  The use 
of multiple polymorphisms allows for a more comprehensive evaluation of the role of genetic 
variation in SLC6A4 and eating pathology.  Moreover, the use of disordered eating 
characteristics rather than clinical eating disorders could provide valuable insight into risk factors 
for more general eating attitudes and behaviors.  
 
3.2. Methods and Materials 
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3.2.1. Participants 
Participants were adolescent and young adult female twins and non-twin siblings (mean age: 
17.03 + 1.05 years) and their parents from the Longitudinal Twin Study (LTS) (Rhea et al., 
2006).  These families are part of the population-based community sample of the Colorado 
Center for Antisocial Drug Dependence study that assesses substance use, personality traits, and 
psychopathology from families whose twins were born in the state of Colorado (Rhea et al., 
2006).  Overall, there were 54 families (230 individuals) included in the analyses.  The number 
of family members ranged from three to five and could include one or both twins, a female full 
sibling, a biological mother, and a biological father.  The self-reported ethnicity composition of 
the sample was: 87.2% Caucasian, 6.8% more than one race, 0.9% American Indian, 0.9% 
Native Hawaiian, and 2.6% unknown.  Study protocol was approved by the University of 
Colorado’s Institutional Review Board.  Participants 18 years old or older gave informed consent 
to participate; participants under age 18 gave assent.  Parents also provided informed consent for 
participants under age 18. 
3.2.2. Measures 
A seven-item self-report eating pathology screening tool (Freund et al., 1993; Vandereycken, 
1992) was used to assess eating attitudes and behaviors.  Phenotypic exploratory and 
confirmatory factor analyses revealed two disordered eating characteristics: weight and shape 
concerns and behaviors (WSCB; which assesses feeling fat, thinking about staying thin, eating 
less than usual when upset, and self-induced vomiting) and binge eating (BE; which assesses 
eating in secret, finding it hard to stop eating, and eating more than usual when upset) (Munn et 
al., 2010).  The two disordered eating characteristics were scored from 0 to 3+, reflecting the 
number of items endorsed on each factor (note: WSCB had a possible range from 0-4 but was 
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truncated at 3+ to create a four-category ordinal scale for both WSCB and BE) (Munn et al., 
2010).  In the current study, 40.5% of the participants with available phenotypic data (i.e., twins 
and non-twin siblings) endorsed at least one WSCB item and 28.2% endorsed at least one BE 
item; the phenotypic correlation between WSCB and BE was significant (r = 0.36, p < 0.001).  
Biometrical model-fitting showed that these characteristics were moderately heritable (h2 = 0.43 
[95% confidence interval: 0.33-0.52] for WSCB and 0.40 [0.36-0.58] for BE) (Munn et al., 
2010). 
3.2.3. Zygosity and genotyping 
Zygosity information was obtained using a combination of physical similarity ratings and 
genotyping.  Zygosity was initially assigned using a modified version of the Nichols and Bilbro 
questionnaire (Nichols & Bilbro, 1996).  For most participants, zygosity was subsequently 
confirmed using a minimum of 11 highly informative short tandem repeat polymorphisms.  Any 
discrepancies between similarity ratings and genotyping were resolved (Rhea et al., 2006). 
DNA samples were obtained via cheek swab buccal cell collection.  SNPs were genotyped 
with the Illumina® (San Diego, CA) GoldenGate assay (Fann et al., 2003) using their 
BeadXpress™ system.  SLC6A4 SNP selection was based on the following criteria: 1) coverage 
of the gene from the region upstream of 5-HTTLPR to the 3’ UTR (47 kilobases [kb]); 2) an 
acceptable Golden Gate assay (Fann et al., 2003) design score; 3) a minor allele frequency of at 
least 0.10; 4) HapMap (International HapMap Consortium, 2005) validation; and 5) if possible, a 
reported association with a behavioral phenotype. 
3.2.4. Statistical analyses 
Haploview (Barrett, Fry, Maller, & Daly, 2005) was utilized to determine LD patterns among 
the SNPs.  Hardy-Weinberg Equilibrium (HWE) was calculated using Merlin (Abecasis, Cherny, 
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Cookson, & Cardon, 2002).  Because of the small number of families in these analyses, 
calculations were based on the founders (n = 222) of a larger set of individuals from the LTS 
sample.  Family-based association tests operationalized in FBAT (Rabinowitz & Laird, 2000) 
were then used to conduct all association analyses.  FBAT is an extension of the Transmission 
Disequilibrium Test that utilizes both within- and between-family information (Rabinowitz & 
Laird, 2000).  Because MZ twin pairs share 100% of their genetic make-up and are not 
informative for within-family testing (although they are informative for between-family testing), 
one MZ twin was randomly selected from each MZ twin pair (n = 24) to be included in the 
analyses.  FBAT accommodates ordinal data that are not normally distributed (Rabinowitz & 
Laird, 2000). 
We examined associations between each of the SNPs with the two phenotypes (i.e., WSCB 
and BE) independently.  An additive mode of inheritance was assumed throughout all models, 
and the offset value was allowed to be freely estimated in order to minimize the variance of the 
test statistic (Lunetta, Farone, Biederman, & Laird, 2000).  As specified by FBAT (Rabinowitz 
& Laird, 2000), the default number of informative families (at least 10 for a given analysis) was 
utilized.  An initial p-value of 0.05 was used to determine statistical significance.  However, in 
order to correct for multiple testing (five SNPs times two phenotypes equals 10 tests; see Results 
section), we used: 1) Bonferroni correction (Bonferroni, 1936), where the corrected critical p-
value was 0.005; and 2) the Min-p permutation procedure (Rakovski, Xu, Lazarus, Blacker, & 
Laird, 2007).  The Min-p permutation procedure corrects for multiple marker testing by testing 
the most significant SNP for association with a given phenotype while controlling for the LD 
structure of the other SNPs in the model (Rakovski et al., 2007).   
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3.3. Results 
Figure 3.1 shows the location of the six SNPs in and near SLC6A4 included in this study, as 
well as 5-HTTLPR (and rs25531 that lies within 5-HTTLPR).  None of these SNPs showed 
Mendelian errors, and only one SNP (rs140700, p = 0.03) was not in HWE.  One SNP (rs6354) 
had a minor allele frequency less than 0.10 and fewer than 10 informative families; this SNP was 
removed from further analyses.  Minor allele frequencies for the remaining SNPs ranged from 
0.10 (rs140700) to 0.43 (rs2020942) (Table 3.1). 
 
Figure 3.1. Serotonin Transporter Gene (SLC6A4) Polymorphism Information 
EFCAB5
CCDC55
SLC6A4
BLMH
TMIGD1
[25,392,812 [25,685,191
25,549,032]25,586,831]
rs12945042
25,596,054
Serotonin Transporter Gene (SLC6A4)
17q11.1-q12       
minus strand
Coding Region Untranslated Region
141312118 9 103  4  5  6 71b   21a5-HTTLPR
rs25531
MspI
La/Lg
25,588,472
rs6354
25,574,024
rs2020942
25,571,040
rs140700
25,567,515
rs2054847
25,556,139
rs1042173
25,549,137
 
 
Figure 3.1. The serotonin transporter gene is typically read from the 3-prime to 5-prime end.  
However, the expanded portion of the figure has been inverted for ease of interpretation.  The 
SNP position is located under the SNP number and was obtained from HapMap (International 
HapMap Consortium, 2005). 
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Table 3.1 
 
Descriptive SLC6A4 SNP Information and Results for Association Analyses 
 
    
WSCB   BE 
 
SNP Allele MA (Freq) #Fam p RA #Fam p RA 
rs12945042 A/G A (0.363) 29 0.009 A  29 0.876 A  
rs2020942 A/G A (0.433) 22 0.165 A  22 0.938 A  
rs140700 A/G A (0.096) 12 0.825 A  13 0.336 A  
rs2054847 A/G A (0.389) 23 0.444 G  24 0.433 A  
rs1042173 A/C C (0.434) 21 0.814 A  23 0.945 A  
Min-p test --- --- --- 0.041 --- --- NA --- 
 
Note. WSCB= weight and shape concerns and behaviors; BE = binge eating; SNP = single 
nucleotide polymorphism; MA = minor allele; Freq = frequency; #Fam = number of informative 
families; RA = risk allele.  rs6354 is not included in this table because it was not included in the 
association analyses due to the low minor allele frequency and number of informative families.  
The p-values presented in the table are before applying Bonferroni correction (p-value = 0.005).  
Because the individual SNP-BE results did not suggest a significant association, the Min-p 
permutation procedure is not reported.  Bolded values represent significant findings after 
correction for multiple testing. 
 
 
The r2 values were generally low (i.e., < 0.46), indicating that the information these SNPs 
provided were relatively independent.  One exception was the r2 value of 0.80 between 
rs1042173 and rs2054847, indicating that these two SNPs were associated with each other.  
Figures of the LD patterns are provided in Figure 3.2. 
65 
 
Figure 3.2. R2 (Left) and D’ (Right) Values for SNPs in and near SLC6A4 
 
   
 
Figure 3.2. SNP = single nucleotide polymorphism. 
 
 
Association results for WSCB and BE are presented in Table 3.1.  When testing for an 
association between each of the five SNPs and WSCB, rs12945042 was significant before 
Bonferroni correction (p = 0.009), but not after correction (p > 0.005).  When testing whether 
rs12945042 was statistically significant while controlling for the LD structure of the other four 
SNPs in the model (i.e., the Min-p permutation procedure), rs12945042 was statistically 
significant (p = 0.04).  As the number of risk alleles (A) increased, the mean number of WSCB 
symptom counts also increased by 0.25 standard deviation units.  In contrast, no associations 
between SNPs in or near SLC6A4 and BE were detected (Figure 3.3).  These data provide 
preliminary support for an association between rs12945042 and WSCB. 
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Figure 3.3. Mean Number of Symptom Counts versus Number of Risk Alleles (A Allele) for 
rs12945042 
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3.4. Discussion 
This study sought to determine the feasibility of utilizing a gene-based approach to examine 
the association between multiple SNPs in SLC6A4 and eating pathology.  Results suggested an 
association between rs12945042, located 9.2 kb upstream of SLC6A4, and weight and shape 
concerns and behaviors (WSCB).  Specifically, we found that as the number of risk alleles (A) 
increased for rs12945042, the mean number of WSCB symptom counts increased by 0.25 
standard deviation units.  Even though the specific function of rs12945042 is unknown, it is an 
intergenetic SNP that is closer (approximately 4 kb) to the 3’ UTR of the bleomycin hydrolase 
gene (BLMH) than to SLC6A4.  The function of this gene is unknown, though knockout mouse 
models have shown central nervous system abnormalities and compromised performance in the 
water maze test (Montoya, Thiels, Card, & Lazo, 2007).  Although this SNP is 9.2 kb from the 
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start of SLC6A4 transcription, it is somewhat closer (7.5 kb) to the known 5-HTTLPR 
transcriptional regulatory region. 
Although these findings are intriguing, caution must be exerted in interpreting the results 
because of the small sample size, and replication is required before firm conclusions can be made 
regarding the association between SNPs in and near SLC6A4 and disordered eating.  Future 
studies should explore the use of multiple SNP markers in and especially near SLC6A4 with 
eating pathology in larger samples.  Still, these findings are encouraging because they suggest 
that genetic variants other than 5-HTTLPR should be examined.  A more comprehensive 
examination of multiple polymorphisms in and near SLC6A4 will be useful in future research to 
determine the role of this gene on eating related behaviors. 
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Chapter 4 
 
Genetic and Environmental Relations between Disordered Eating and Substance Use: Can 
Personality Explain the Comorbidity? 
 
4.1. Introduction 
Phenotypic relations among eating disorders, substance use, and certain personality traits 
have been well established.  For example, studies suggest that alcohol use and other illicit 
substance use are highly associated with bulimia nervosa (BN), as well as the binge/purge, but 
not the restricting, anorexia nervosa (AN) subtype (Root, et al., 2010a, 2010b).  Moreover, Harm 
Avoidance (which is a tendency towards avoidance of intense stimuli and punishment; 
Cloninger, 1986) is commonly elevated in women with either BN or AN, whereas a higher level 
of Novelty Seeking (a tendency towards impulsivity and reward seeking; Cloninger, 1986) is 
more prevalent among women with BN and binge-purge AN (BPAN) compared with restricting 
AN (RAN) and control women (for a review, see Cassin & von Ranson, 2005).  Furthermore, 
individuals with either eating disorder do not differ from controls on levels of Reward 
Dependence (a tendency for intense response to reward and to learning to maintain reward 
behavior; Cloninger, 1986) (Cassin & von Ranson, 2005).  Taken together, these studies suggest 
that substance use and personality traits may be differentially associated with eating disorder 
subtypes. 
4.1.1. Theories accounting for the relation among eating pathology, substance use, and 
personality 
Multiple theories have been proposed to explain the comorbidity among eating pathology, 
substance use, and personality traits.  In their review, Wolfe and Maisto (2000) described various 
hypotheses that are thought to account for the comorbidity between eating disorders (though 
primarily BN) and substance use disorders.  These hypotheses were grouped into two categories: 
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causal etiology and shared etiology.  The causal etiology category describes those hypotheses in 
which the presence of one disorder leads to the development of the other disorder, whereas the 
shared etiology category describes those hypotheses in which there are common risk factors 
influencing the liability to both disorders.  With respect to shared etiology, the most commonly 
discussed hypothesis deals with personality style.  This hypothesis suggests that personality 
traits, such as impulsivity or Novelty Seeking, influence the association between eating 
pathology and substance use.  One extension of this theory that has previously received much 
consideration is that women with both an eating and substance use disorder have an underlying 
“addictive personality”.  This extension suggests that some women with BN are addicted to food 
much the same way as individuals are addicted to drugs and alcohol.  Importantly, binge eating is 
the eating disorder symptom most often studied when looking at an “addictive personality”, 
despite the fact that there are many other eating disorder symptoms (e.g., weight concerns, 
compensatory behaviors).  One potential problem of the “addictive personality” style is that 
individuals cannot abstain from food in the same manner that they can abstain from drugs and 
alcohol.  In fact, findings from a recent study (von Ranson et al., 2002) examining eating 
attitudes and behaviors and substance use in adolescent females did not support this theory. 
A second shared etiology hypothesis comes from a developmental perspective.  The 
developmental perspective posits that certain adolescent stressors, such as cultural or societal 
pressures, influence liability to both disorders.  Examples of these stressors include pressures to 
be thin and to drink alcohol.  Third, family history is thought to explain the comorbidity between 
eating and substance use disorders.  Findings to date from family and twin studies seem to 
suggest that BN and alcohol abuse/dependence do not have shared familial risk factors, but that 
BN and illicit drug use do have shared familial influences (see discussion below). 
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An advantage of the shared etiology hypotheses reviewed by Wolfe and Maisto (2000) is that 
they can be examined using twin studies.  For example, multivariate twin models can be utilized 
to determine whether there are any common genetic and environmental risk factors influencing 
the development of eating and substance use disorders.  These models can also be extended to 
include personality traits in order to investigate the extent to which genetic and environmental 
factors that contribute to personality can explain genetic and environmental influences on the co-
occurrence of eating pathology and substance use.  This is the focus of the current study. 
4.1.2. Family studies of eating pathology, substance use, and personality 
Previous family and twin studies examining eating disorders and substance use have 
suggested that first-degree relatives of women with BN (Bulik, 1987), but not RAN (Kaye et al., 
1998), are at increased risk of having a substance use disorder compared with control women.  
Still, other research shows that eating and substance use disorders (Kaye et al., 1996; Schuckit et 
al., 1996; Wade, Bulik, Prescott, & Kendler, 2004), as well as eating disorders and personality 
(Lilenfeld et al., 1998, 2000), are not cross-transmitted in families.  Although some of these 
studies suggest common familial influences on the traits, family studies cannot decompose the 
influences into genetic and environmental sources because any familiar influences present may 
be due to genetic variants, the environment, or both genetic variants and environment. 
4.1.3. Twin studies of eating pathology, substance use, and personality 
Three studies have investigated genetic and environmental associations between eating 
pathology and substance use.  In the first study, Kendler et al. (1995) found that genetic factors 
were not shared between alcoholism and BN in an adult female community sample.  Familial 
environment for BN was largely independent of alcoholism and the internalizing disorders 
examined, despite a significant phenotypic correlation between the two traits (r = 0.32, p < 
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0.001).  Thus, the phenotypic correlation between BN and alcoholism was primarily due to non-
shared environmental influences.  Using twins from the same study population- the Virginia 
Twin Registry- Baker et al. (2007) reported common genetic influences between broadly based 
BN and drug use disorders, which included the abuse or dependence of cannabis, sedatives, 
stimulants, cocaine, opiates, hallucinogens, inhalants, and any nonprescription drug use.  Alcohol 
abuse or dependence was not included in this study.  Of the environmental influences, only non-
shared environment contributed to the covariation between the two traits, though to a lesser 
extent than additive genetic factors.  The third study (Baker et al., 2010), using the same twin 
sample, found that common familial factors influenced BN symptoms and four measures of 
substance use- alcohol, caffeine, illicit drug, and regular smoking.  The authors concluded that 
there was not enough power to distinguish between common genetic and environmental risk 
factors for BN symptoms and substance use.  While these studies provide important information 
regarding the comorbidity of eating disorders and substance use, more work is necessary to 
examine whether genetic and environmental risk factors are also common to features of eating 
disorders and if they are present in younger age ranges, including adolescents and young adults. 
      Similarly, few studies have focused on common and specific genetic and environmental risk 
factors for eating pathology and personality traits.  These studies have shown evidence for 
common genetic (Klump et al., 2002) and nonshared environmental (Klump et al., 2002; Wade et 
al., 2000b) risk factors for disordered eating and personality traits.  Methodological limitations of 
these studies, which include different participant ages and different measurement techniques, 
could have contributed to the differential findings.  Taken together, replication studies are 
necessary to elucidate further common and specific genetic and environmental relations among 
eating pathology, substance use, and personality traits, especially in young adulthood. 
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4.1.4. Sex differences in eating pathology 
Previous studies have shown that rates of eating disorders and disordered eating 
characteristics are lower in males compared with females (Andersen, 2002; Anderson & Bulik, 
2004), although they are still present in the general population.  Furthermore, Wade et al. (2004) 
reported shared familial factors between BN and Novelty Seeking in men but not women.  Still, 
few twin studies have investigated genetic and environmental influences on eating pathology or 
whether there are different risk factors for males and females. 
Findings regarding common genetic and environmental risk factors in males and females are 
different for specific disordered eating characteristics.  For example, no sex differences were 
found for the magnitude of genetic influences on binge eating in the presence (Reichborn-
Kjennerud et al., 2003) or absence (Reichborn-Kjennerud et al., 2004) of compensatory 
behaviors.  However, quantitative sex differences in genetic and environmental influences have 
been found for general disordered eating (Slof-Op ‘t Landt et al., 2008), body dissatisfaction, 
drive for thinness (Baker et al., 2009; Keski-Rahkonen et al., 2005), and bulimia (Baker et al., 
2009).  Although another study (Tholin, Rasmussen, Tynelius, & Karlsson, 2005) did not have a 
female comparison group, the authors reported heritability point estimates ranging from 0.45 to 
0.60 for measures of cognitive restraint, emotional eating, and uncontrolled eating in Swedish 
young adult male twins.  These estimates were different from another study that found, for 
example, cognitive restraint to be influenced solely by environmental factors (Neale, Mazzeo, & 
Bulik, 2003).  Collectively, these few studies suggest that there are different magnitudes of 
genetic influences on eating pathology between males and females, yet more work is needed in 
this area. 
4.1.5. The current study 
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Given the limited amount of information regarding overlapping genetic and environmental 
risk factors for eating pathology, substance use, and personality traits in males and females, we 
examined these factors in male and female adolescent and young adult twins from a community 
sample.  We investigated three main questions.  First, what is the extent of phenotypic 
correlations between disordered eating and problem substance use, as well as between disordered 
eating and specific personality traits?  Are these correlations similar for males and females?  
Second, are there common and specific genetic and environmental risk factors for disordered 
eating and problem substance use?  Finally, if common influences are present, what proportion 
of the covariance among disordered eating and substance use phenotypes can be explained by 
personality traits? 
 
4.2. Methods 
4.2.1. Participants 
Participants included 891 male and female same-sex twins from the community twin sample 
of the Colorado Center on Antisocial Drug Dependence (CADD; Rhea et al., 2006).  This is an 
on-going, longitudinal study that assesses substance use, antisocial behavior, personality traits, 
and co-morbid psychopathology.  At Wave 1, participants were between 12 and 18 years old, 
with the two follow-up assessments (i.e., Waves 2 and 3) occurring approximately five years 
later (17 to 23 years and 22 to 28 years, respectively).  The CADD twin samples are drawn from 
two twin studies- the Colorado Twin Study (CTS) and the Longitudinal Twin Study (LTS).  CTS 
participants were recruited through state birth records or secondary schools in Colorado, whereas 
LTS participants were recruited only from Colorado birth records, had to live in the greater 
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Denver metro area, and were required to have healthy birth weights and gestational ages (Rhea et 
al., 2006).  The current study focused on data from Wave 3. 
Overall, 90 male monozygotic (MZM) twin pairs, 75 dizygotic male DZ (DZM) twin pairs, 
166 female MZ (MZF) twin pairs, and 78 female DZ (DZF) twin pairs were included in the 
study.  In addition, 73 individual-responding twins (31 MZM, 17 DZM, 16 MZF, and 9 DZF) 
were included.  The CADD protocol was approved by the Institutional Review Board at the 
University of Colorado.  All individuals gave informed consent for study participation (if at least 
18 years old) or assent (if younger than 18 years old).  Parental consent was also obtained for 
participants 17 years old and younger. 
4.2.2. Assessments 
4.2.2.1. Disordered eating 
Disordered eating was assessed with the Eating Disorders Examination Questionnaire (EDE-
Q; Fairburn & Beglin, 1994) at Wave 3.  The EDE-Q was asked about the previous 28 days and 
consisted of a Global Score and four subscales: 1) Restraint (which assessed restraint over 
eating, eating avoidance, and dietary avoidance); 2) Eating Concerns (which assessed a 
preoccupation with food, eating in secret, and guilt about eating); 3) Shape Concerns (which 
assessed the desire for a flat stomach, body shape importance, and a fear of gaining weight); and 
4) Weight Concerns (which assessed the importance of weight, dissatisfaction with weight, and 
the desire for weight loss).  Scores for each item ranged from 0 to 7, where higher scores 
indicated more severe eating attitudes and behaviors.  The Global Score was created by taking 
the prorated mean of all 22 items included in the subscales (see Table 4.1).  This measure has 
shown acceptable validity and reliability in previous studies (Mond, Hay, Rodgers, Owen, & 
Beamont, 2004; Peterson et al., 2007).  Internal consistencies for the Global Score and four 
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subscales ranged from 0.66 to 0.92 in males and 0.80 to 0.95 in females in the current study 
(Table 4.2). 
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Table 4.1 
 
Eating Disorder Examination Questionnaire Item Endorsement 
 
  % of 1+ Items 
Endorsed 
  
Item Description Male Female Percent 
Difference 
1 Have you been deliberately limiting the amount of 
food you eat 
 
39.9 
 
53.6 
 
14.3 
2 Have you gone long periods of time without eating 
anything 
 
7.5 
 
10.0 
 
2.5 
3 Have you tried to avoid eating foods which you like 38.5 57.1 18.6 
4 Have you tried to follow definite rules regarding your 
eating 
 
32.7 
 
44.3 
 
11.6 
5 Have you wanted your stomach to be empty 7.8 17.2 9.4 
6 Has thinking about food/calories made it hard to 
concentrate on things you are interested in? 
 
7.0 
 
13.8 
 
6.8 
7 Have you been afraid of losing control over eating 6.1 21.3 15.2 
9 Have you eaten in secret 3.5 7.9 4.4 
10 Have you definitely wanted your stomach to be flat 46.0 74.3 28.3 
11 Has thinking about shape/weight made it more difficult 
to concentrate on things you are interested in 
 
4.8 
 
15.4 
 
10.6 
12 Have you had a definite fear that you might gain 
weight or become fat 
 
17.9 
 
42.4 
 
24.5 
13 Have you felt fat 35.8 70.7 34.9 
14 Have you had a strong desire to lose weight 40.9 64.5 23.6 
15 What proportion of times that you have eaten have you 
felt guilty because of effect on your shape/weight 
 
31.6 
 
62.4 
 
30.8 
22 Has your weight influenced how you judge yourself 31.4 59.0 27.6 
23 Has your shape influenced how you judge yourself 36.7 62.5 25.8 
24 How much it would upset you if you had to weigh 
yourself once a week for four weeks 
 
14.5 
 
41.8 
 
27.3 
25 How dissatisfied have you felt about your weight 39.1 71.9 32.8 
26 How dissatisfied have you felt about your shape 49.6 76.6 27.0 
27 How concerned have you been about other people 
seeing you eat 
 
6.4 
 
25.3 
 
18.9 
28 How uncomfortable have you felt seeing your body 34.0 68.2 34.2 
29 How uncomfortable have you felt about others seeing 
your body 
 
33.5 
 
68.9 
 
35.4 
 
Note. The Percent Difference column is the result of the percentage of female item endorsement 
minus the percentage of male item endorsement.
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Table 4.2 
 
Reliability Estimates Using Chronbach’s Alpha (α) 
 
 
Males  Females  
 
N α N α 
Eating Disorder Examination 
Questionnaire 
    
    Global Score 369 0.92 503 0.95 
    Restraint 371 0.77 506 0.81 
    Eating Concerns 371 0.66 507 0.80 
    Shape Concerns 372 0.86 504 0.91 
   Weight Concerns 372 0.75 507 0.84 
Tridimensional Personality 
Questionnaire 
    
    Harm Avoidance 328 0.82 462 0.85 
    Novelty Seeking 326 0.72 453 0.74 
    Reward Dependence 329 0.67 463 0.69 
    Persistence 332 0.58 470 0.53 
 
Although the EDE-Q has been utilized for research in males (Lavender, De Young, & 
Anderson, 2010), we investigated whether this questionnaire measured the same constructs in 
our sample of males and females.  Analyses to examine EDE-Q measurement invariance were 
conducted three ways: 1) whether the factor structure was the same in both sexes; 2) whether the 
item distributions were similar in males and females; and 3) the extent to which items that were 
frequently endorsed in one sex were similar to items endorsed in the other sex. 
First, we examined the individual EDE-Q items that are included in the original scoring 
algorithm (Table 4.1).  For both males and females, the lowest endorsed item was item 9 (“Have 
you eaten in secret [do not count binges]?”; males = 3.5%, females = 7.9%), whereas the most 
frequently endorsed item was item 26 (“How dissatisfied have you felt about your shape?”; 
males =  49.6%, females = 76.6%).  An examination of the percent difference column (which 
represents the difference between males and females in the percentage who endorsed at least one 
item) shows that females endorsed all items more frequently than males.  The largest percent 
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differences were found for items that assessed concerns about eating (item 15), shape (items 13, 
28, and 29), and weight (item 25).  These results show differences in item endorsement between 
males and females, though this is not surprising considering the well-known sex difference in 
eating disorders discussed earlier. 
Second, we compared one-, two-, three-, and four-factor solutions treating the data as ordinal 
and allowing for correlations among factors (i.e., oblique rotation) using Mplus (Muthén & 
Muthén, 1998-2007).  According to fit statistics (Root Mean Square Error [RMSEA] = 0.06, χ2 = 
404.43, df = 168, p < 0.001) and Kaiser’s Rule (i.e., number of eigenvalues greater than one), a 
three-factor solution provided the best fit to the data for males.  For females, Kaiser’s Rule 
indicated a three-factor solution provided the best fit to the data, whereas other fit indices 
suggested that a four-factor model provided the best fit to the data (RMSEA = 0.07, χ2 = 548.83, 
df = 149, p < 0.001).  However, the first factor had a relatively high eigenvalue (13.27 for males 
and 13.77 for females), followed by much smaller eigenvalues for the remaining three factors 
(1.82, 1.52, and 0.86 for males; 1.67, 1.36, and 0.80 for females, respectively), which suggests 
that one factor accounts for a substantial proportion of the variance. 
The four-factor solution is presented in Table 4.3 since the original scoring algorithm 
(Fairburn & Beglin, 1994) suggests that four factors (i.e., subscales) underlie the data.  Further 
investigation of the individual items indicated there were similarities among the specific items 
that clustered together.  For example, the same items loaded on the third factor in males and 
females.  However, there also were notable differences.  Items 22 and 23 loaded on Factors 2 and 
4, though their magnitudes are different between males and females (i.e., in males, both items 
loaded most prominently on Factor 4, whereas in females, the items have a higher loading on 
Factor 2).  Still, there was much item cross-load among the four factors.  Results were similar 
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when comparing the two- and three-factor solutions between males and females (data not 
shown).  These findings suggest that although there are similarities between sexes in terms of 
EDE-Q Global Score factor structure, there may be important differences. 
 
 
Table 4.3 
 
Four-Factor Solution of the Eating Disorder Examination Questionnaire 
 
Item Factor 1 Factor 2 Factor 3 Factor 4 
1 0.87 (0.87) 0.42 (0.51) 0.59 (0.54) 0.49 
2 0.48 (0.50) 0.64 (0.63) 0.50 (0.51) 0.40 
3 0.93 (0.90) 0.35 (0.50) 0.56 (0.47) 0.52 
4 0.85 (0.88) (0.54) 0.40 (0.46) 0.45 
5 0.55 (0.61) 0.62 (0.73) 0.57 (0.54) 0.53 
6 0.41 (0.51) 0.93 (0.90) 0.56 (0.58) 0.36 (-0.36) 
7 0.50 (0.58) 0.76* (0.87) 0.76* (0.69) 0.66 
9 0.35 (0.35) 0.71 (0.70) 0.80 (0.46) 0.63 
10 0.64 (0.71) 0.44 (0.60) 0.72 (0.64) 0.50 
11 0.38 (0.40) 0.87 (0.92) 0.73 (0.63) 0.58 
12 0.46 (0.64) 0.63 (0.73) 0.76 (0.71) 0.52 
13 0.55 (0.65) 0.55 (0.66) 0.86 (0.85) 0.55 
14 0.72 (0.79) 0.55 (0.64) 0.80 (0.81) 0.49 
15 0.59 (0.59) 0.54 (0.78) 0.81 (0.76) 0.58 
22 0.53 (0.51) 0.48 (0.85) 0.72 (0.77) 0.83 (0.41) 
23 0.47 (0.50) 0.42 (0.88) 0.71 (0.76) 1.04 (0.41) 
24 (0.32) 0.57 (0.62) 0.82 (0.71) 0.48 
25 0.46 (0.55) 0.46 (0.65) 0.91 (0.93) 0.60 (0.34) 
26 0.49 (0.49) 0.45 (0.67) 0.92 (0.94) 0.70 (0.34) 
27 (0.36) 0.54 (0.79) 0.78 (0.75) 0.54 
28 0.37 (0.45) (0.76) 0.89 (0.92) 0.61 
29 0.42 (0.44) (0.71) 0.86 (0.90) 0.59 
 
Note. Only factor loadings greater than 0.30 are presented.  Female factor loadings are provided 
in the parentheses.  Bolded values represent the highest factor loading for the item. 
* Denotes similar loadings on more than one factor. 
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Finally, we investigated how many individuals met the Global Score clinical cut-off (i.e., a 
score of 4+; Fairburn & Beglin, 1994).  Of the 513 females included in the study, 23 (0.04%) 
reached the clinical cut-off.  On the other hand, no males met this same clinical threshold.  This 
is not necessarily surprising given the lower eating disorder prevalence in males (APA, 2000).  
Collectively, these results suggest that the EDE-Q Global Score measures the same construct in 
males and females.  Given the low endorsement rates in males compared with females, we 
analyzed the data separately for males. 
4.2.2.2. Problem substance use 
Problem substance use was assessed at Wave 3 using DSM-IV lifetime abuse and dependence 
criteria items from the Composite International Diagnostic Interview- Substance Abuse Module 
(CIDI-SAM; Cottler, Robins, & Helzer, 1989).  The following substances were examined in this 
study: alcohol, tobacco, cannabis, amphetamines, cocaine, hallucinogens, club drugs, inhalants, 
opiates, phencyclidine (PCP), and sedatives.  Up to 11 items (four DSM abuse criteria and seven 
DSM dependence criteria) could have been endorsed for all substances, except for problem 
tobacco use.  The CIDI-SAM only assesses the seven dependence criteria for nicotine 
dependence.  Therefore, up to seven items could have been endorsed for problem tobacco use.  A 
similar measure of problem alcohol use has been reported in a previous study (Button, Hewitt, 
Rhee, Corley, & Stallings, 2010), and other research has shown that the abuse and dependence 
criteria for alcohol and cannabis are not assessing different behaviors (Gelhorn et al., 2008; 
Hartman et al., 2008) or vary on rates of chronicity and comorbidity for alcohol (Vergés, 
Steinley, Trull, & Sher, 2010). 
4.2.2.3. Personality 
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Four personality traits were measured using a 54-item self-administered true-false version 
(Heath, Cloninger, & Martin, 1994) of the Tridimensional Personality Questionnaire (TPQ; 
Cloninger 1987).  As mentioned previously, Harm Avoidance (HA) is defined as a tendency 
towards avoidance of intense stimuli and punishment, and individual differences in HA are 
thought to be primarily due to differences in serotonergic neurotransmission.  Novelty Seeking 
(NS) is defined as a tendency towards impulsivity and reward seeking, and it is hypothesized to 
result from individual differences in dopaminergic neurotransmission.  Reward Dependence 
(RD) is theorized to be associated with individual variability in norepinephrine and is defined as 
the ability to respond to reward and maintain reward behavior.  Persistence (PS), formerly a 
measure of Reward Dependence, assesses the tendency to work or persist at tasks longer than 
others (Stallings et al., 1996).  Persistence was not originally defined in Cloninger’s biosocial 
theory of personality (Cloninger, 1987), but has since been shown to be genetically independent 
from the other three temperament traits (Cloninger, Svrakic, & Przybeck, 1993; Stallings et al., 
1996).  The internal consistencies for the four traits in our sample were adequate, ranging from 
0.58 (PS) to 0.82 (HA) in males and 0.53 (PS) to 0.85 (HA) for females (Table 4.1). 
These measures were obtained at Wave 2 because the personality traits listed above were not 
assessed at Wave 3 in the CADD.  Previous research has shown that personality traits in 
adulthood are related to childhood temperament (McCrae et al., 2000), and findings from the 
CADD (Heiman, Stallings, Young, & Hewitt, 2004) suggested that mean scores for HA, NS, 
RD, and PS are stable from 15 to 18 years old.  In addition, Heiman et al. (2004) found no 
change in the genetic and environmental variance of these personality traits across adolescence.  
Thus, in spite of the approximate five-year difference in measurement, we decided to use 
personality data from Wave 2 and disordered eating and substance use data from Wave 3. 
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4.2.3. Zygosity determination 
Zygosity was determined by a combination of genotyping and a physical similarity 
questionnaire.  When DNA was available, zygosity was determined by genetic analysis of at 
least 11 highly informative short tandem repeat polymorphisms (Rhea et al., 2006).  Cotwins 
concordant for all genetic markers were classified as MZ and cotwins discordant for any genetic 
markers were classified as DZ.  When genetic data were unavailable, zygosity assignment was 
determined using a modified version of the Nichols and Bilbro questionnaire (Nichols & Bilbro, 
1966): a nine-item assessment of physical characteristics, such as eye color, hair color and 
curliness, height, weight, how often the twins were mistaken for their co-twin by others, and 
opinions of their own zygosity.  Rules for assigning zygosity based on the Nichols and Bilbro 
questionnaire have been shown to classify MZ and DZ twins with greater than 90% accuracy 
(Nichols & Bilbro, 1966). 
4.2.4. Statistical analyses 
All analyses were conducted in SPSS version 18 (PASW, 2009).  Each variable was age-
adjusted within sex, and then log-transformed if the data were not normally distributed.  Table 
4.4 shows skewness, kurtosis, and the correlation between raw and log-transformed variables for 
males and females separately.   
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Table 4.4a 
 
Information on Transformed Variables for Males 
 
 Raw Score  Transformed Score   
 Skewness 
(SE) 
Kurtosis 
(SE) 
Skewness 
(SE) 
Kurtosis 
(SE) 
r 
EDE-Q      
  Global Score* 1.63 (0.13) 2.63 (0.25) 1.01 (0.13) 0.23 (0.25) 0.983 
  Restraint* 1.68 (0.13) 2.05 (0.25) 1.26 (0.13) 0.50 (0.25) 0.989 
  Eating Concerns* 4.23 (0.13) 23.20 (0.25) 2.65 (0.13) 8.41 (0.025) 0.972 
  Shape Concerns* 1.76 (0.13) 3.34 (0.25) 1.05 (0.13) 0.50 (0.25) 0.978 
  Weight Concerns* 1.86 (0.13) 3.68 (0.25) 1.21 (0.13) 0.69 (0.25) 0.984 
Problem Substance Use      
  Alcohol* 4.52 (0.13) 23.28 (0.25) 2.71 (0.13) 7.11 (0.25) 0.926 
  Tobacco* 4.51 (0.13) 20.84 (0.25) 3.56 (0.13) 11.80 (0.25) 0.969 
  Cannabis* 6.37 (0.13) 42.48 (0.25) 4.83 (0.13) 24.18 (0.25) 0.949 
  Illicit Drugs* 6.37 (0.13) 40.98 (0.25) 5.18 (0.13) 27.67 (0.25) 0.959 
TPQ      
  Harm Avoidance* 0.61 (0.13) -0.41 (0.26) 0.21 (0.13) -0.92 (0.26) 0.989 
  Novelty Seeking 0.00 (0.13) -0.50 (0.26) 0.02 (0.13) -0.47 (0.26) 0.999 
  Reward Dependence -0.38 (0.13) -0.41 (0.26) -0.38 (0.13) -0.40 (0.26) 0.991 
  Persistance -0.41 (0.13) -0.86 (0.27) -0.37 (0.13) -0.89 (0.26) 0.997 
 
Note. EDE-Q = Eating Disorder Examination Questionnaire; TPQ = Tridimensional Personality 
Questionnaire.  All variables were regressed on age, within sex, at time of assessment. 
*Denotes a log-transformed variable, after correcting for age. 
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Table 4.4b 
 
Information on Transformed Variables for Females 
 
 Raw Score  Transformed Score   
 Skewness 
(SE) 
Kurtosis 
(SE) 
Skewness 
(SE) 
Kurtosis 
(SE) 
r 
EDE-Q      
  Global Score* 0.99 (0.11) 0.38 (0.22) 0.39 (0.11) -0.67 (0.22) 0.977 
  Restraint* 1.37 (0.11) 1.35 (0.22) 0.88 (0.11) -0.31 (0.22) 0.988 
  Eating Concerns* 2.37 (0.11) 6.03 (0.22) 1.66 (0.11) 2.26 (0.22) 0.983 
  Shape Concerns* 0.73 (0.11) -0.36 (0.22) 0.19 (0.11) -0.89 (0.22) 0.976 
  Weight Concerns* 0.84 (0.11) -0.16 (0.22) 0.31 (0.11) -0.90 (0.22) 0.974 
Problem Substance Use      
  Alcohol* 3.60 (0.11) 14.28 (0.22) 2.37 (0.11) 4.55 (0.22) 0.954 
  Tobacco* 3.41 (0.11) 10.67 (0.22) 2.71 (0.11) 6.33 (0.22) 0.959 
  Cannabis* 5.76 (0.11) 38.20 (0.22) 3.71 (0.11) 13.79 (0.22) 0.937 
  Illicit Drugs* 8.75 (0.11) 86.54 (0.22) 5.87 (0.11) 37.06 (0.22) 0.931 
TPQ      
  Harm Avoidance* 0.58 (0.11) -0.38 (0.22) -0.01 (0.11) -0.53 (0.22) 0.959 
  Novelty Seeking 0.25 (0.11) -0.36 (0.22) 0.21 (0.11) -0.40 (0.22) 0.985 
  Reward Dependence -0.63 (0.11) -0.30 (0.22) -0.65 (0.11) -0.24 (0.22) 0.996 
  Persistence -0.51 (0.11) -0.55 (0.22) -0.51 (0.11) -0.57 (0.22) 0.995 
 
Note. EDE-Q = Eating Disorder Examination Questionnaire; TPQ = Tridimensional Personality 
Questionnaire.  All variables were regressed on age, within sex, at time of assessment. 
*Denotes a log-transformed variable, after correcting for age. 
 
 
 Because twins are related, it was necessary to account for the dependence in the data.  When 
examining mean differences between males and females for all variables, we used a weighted 
score.  A weight was multiplied by each age-regressed, log-transformed variable.  Twins who 
had a co-twin in the dataset were weighted by 0.5 and twins who did not have a co-twin in the 
dataset were weighted by 1.0. 
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4.3. Results 
4.3.1. Descriptive statistics 
Means and standard deviations for males and females for age, EDE-Q Global Score and 
subscales, problem substance use, and personality traits are presented in Table 4.5.  Raw means 
that are unadjusted for age, non-transformed, and do not take into account the dependence in the 
data are utilized for ease of descriptive interpretation.  Because of the low number of individuals 
who endorsed amphetamine, cocaine, hallucinogen, club drug, inhalant, opiate, PCP, and 
sedative abuse or dependence criteria, these substances were combined into a single category 
labeled “problem illicit drug use”.  Scores for problem illicit drug use could therefore range from 
0-88 (seven substances times 11 criteria). 
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Table 4.5 
 
Descriptive Information (Raw Scores) 
 
  Males   Females  
 N Mean (SD) Range N Mean (SD) Range 
   Wave 3    
Age 378 25.09 (2.45) 21.20-30.55 513 25.00 (2.40) 21.28-30.29 
EDE-Q       
  Global Score 375 0.61 (0.76) 0-3.73 509 1.39 (1.24) 0-6.00 
  Restraint 371 0.67 (1.02) 0-4.60 506 1.07 (1.30) 0-6.00 
  Eating Concerns 372 0.17 (0.37) 0-3.20 507 0.56 (0.87) 0-5.20 
  Shape Concerns 373 0.78 (1.01) 0-5.75 504 1.85 (1.55) 0-6.00 
  Weight Concerns 373 0.63 (0.90) 0-5.00 507 1.56 (1.47) 0-6.00 
Problem Substance Use       
  Alcohol 375 0.41 (1.38) 0-11.00 510 0.53 (1.51) 0-10.00 
  Tobacco 375 0.24 (0.95) 0-6.00 510 0.39 (1.28) 0-7.00 
  Cannabis 375 0.16 (0.89) 0-8.00 510 0.18 (0.77) 0-7.00 
  Illicit Drugs 375 0.29 (1.67) 0-14.00 510 0.19 (1.32) 0-17.00 
   Wave 2    
Age 343 19.47 (2.25) 16.53-24.93 474 19.59 (2.36) 16.65-25.06 
TPQ       
  Harm Avoidance 340 0.28 (0.22) 0-0.89 474 0.36 (0.24) 0-1.00 
  Novelty Seeking 340 0.51 (0.19) 0-1.00 474 0.47 (0.20) 0-1.00 
  Reward Dependence 340 0.60 (0.21) 0-1.00 474 0.71 (0.20) 0.08-1.00 
  Persistence 336 0.65 (0.28) 0-1.00 474 0.66 (0.26) 0-1.00 
 
Note. EDE-Q = Eating Disorder Examination Questionnaire; TPQ = Tridimensional Personality 
Questionnaire; SD = standard deviation. 
 
 
At Wave 2, the mean age for males was 19.47 + 2.25 and 19.59 + 2.36 for females.  At Wave 
3, the mean age for males was 25.09 + 2.45 and 25.00 + 2.40 for females.  As expected, the 
EDE-Q mean Global Score was significantly higher in females (1.39 + 1.24) than males (0.61 + 
0.76) (t = -2.55, df = 748, p = 0.01).  For all problem substance use measures, there were no 
significant mean differences between males and females (all ps > 0.05), despite higher mean 
scores for alcohol, tobacco, and cannabis in females than males.  With respect to the four TPQ 
personality traits, females had significantly higher levels of HA (0.36 + 0.24 vs. 0.28 + 0.22; t = -
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3.05, df = 588, p <0.01) and RD (0.71 + 0.20 vs. 0.60 + 0.21; t = -2.93, df = 600, p < 0.01) 
compared with males.  In contrast, there were significant mean differences between sexes for PS 
(t = -2.91, df = 608, p < 0.01), with females having higher levels of PS than males.  There were 
no significant mean differences in NS between the sexes (p > 0.05). 
4.3.2. Phenotypic correlations 
Selected phenotypic correlations for males and females are presented in Table 4.6.  Results 
suggested that the association between the Global Score and all four measures of problem 
substance use were low.  In males, correlations ranged from -0.12 (tobacco) to -0.04 (cannabis).  
In females, these values ranged from -0.09 (alcohol and tobacco) to -0.06 (cannabis and illicit 
drugs).  For personality traits, the correlations were slightly higher in some instances compared 
with other traits.  For example, HA was significantly correlated with the Global Score in both 
males (r = 0.14, p < 0.01) and females (r = 0.15, p < 0.01). 
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Table 4.6 
 
Selected Phenotypic Correlations between Disordered Eating and Measures of Problem 
Substance Use and Personality Traits 
 
 Global Score 
 
Males Females 
Problem Substance Use   
  Alcohol -0.09 -0.09* 
  Tobacco -0.12* -0.09* 
  Cannabis -0.04 -0.06 
  Illicit Drugs -0.09 -0.06 
TPQ   
  Harm Avoidance 0.14** 0.15** 
  Novelty Seeking -0.04 0.09 
  Reward Dependence -0.01 0.06 
  Persistence 0.04 0.01 
 
Note. Global Score = Eating Disorder Examination Questionnaire Global Score; TPQ = 
Tridimensional Personality Questionnaire. 
**p < 0.01; * p < 0.05. 
 
 
Although significant correlations were detected, an examination of the estimates suggests 
that the phenotypic relation between disordered eating and problem substance use and between 
disordered eating and personality traits is lower than previously reported (Baker et al., 2007; 
Kendler et al., 1995; Klump et al., 2002).  To investigate what may be contributing to these 
lower correlations, we examined mean problem substance use scores from Wave 2 of the CADD.  
Specifically, we compared the mean scores for the four problem substance use variables in twins 
who had completed both Wave 2 and Wave 3 with twins who completed only Wave 2 (Table 
4.7).  For females, mean levels of problem alcohol, tobacco, and illicit drug use were 
significantly higher in twins who had only been assessed at Wave 2 compared with twins who 
were assessed at both Waves (all ps < 0.001).  However, in males, there were no significant 
mean differences between the two groups for any of the four substances (all ps > 0.05).  These 
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findings suggest that, at least for females, individuals who have not yet been assessed at Wave 3 
are likely to have higher mean levels of problem substance use.  It may be more informative to 
conduct biometrical twin-modeling analyses once information from all potential twins at Wave 3 
is obtained.  Therefore, further analyses investigating genetic and environmental risk factors for 
these traits were not conducted. 
 
Table 4.7 
 
Mean Problem Substance Use Scores at Wave 2 between Twins who Completed Only Wave 2 
versus Twins who Completed Waves 2 and 3 
 
  Males    Females   
 Wave 2 
(n=1007) 
Wave 2 & 3 
(n=330) 
t p Wave 2 
(n=1095) 
Wave 2 & 3 
(n=472) 
t p 
Alcohol 1.75 
(2.30) 
1.78 
(2.32) 
0.22 
 
0.83 1.25 
(2.05) 
1.01 
(1.85) 
-2.27 0.02 
Tobacco 1.16 
(1.85) 
1.15 
(1.81) 
-0.12 
 
0.90 0.91 
(1.71) 
0.69 
(1.53) 
-2.48 0.01 
Cannabis 0.77 
(1.74) 
0.73 
(1.60) 
-0.36 0.72 0.43 
(1.31) 
0.39 
(1.14) 
-0.56 0.55 
Illicit 
Drugs 
0.48 
(2.30) 
0.45 
(1.93) 
-0.22 0.82 0.54 
(2.21) 
0.20 
(1.34) 
-3.65 <0.01 
 
Note. Standard deviations are presented in parentheses. df for males is 1335 and df for females is 
1565. 
 
 
4.3.3. Alternate phenotypes 
 Because we did not detect substantial phenotypic correlations between disordered eating and 
measures of substance use and personality traits, we explored related, alternative phenotypes that 
might yield higher phenotypic associations.  Multiple alternate phenotypes are discussed below. 
4.3.3.1. Disordered eating 
4.3.3.1.1. Additional EDE-Q items 
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 There are six core items not included in the original EDE-Q scoring algorithm (Fairburn & 
Beglin, 1994).  These items assessed binge eating and purging mechanisms over the past 28 days 
and were coded as “Yes” or “No”.  An examination of these items revealed low endorsement 
rates for most variables in both males and females (Table 4.8).  Notably, the percentages of 
males and females who “exercised hard as a means of controlling shape or weight” (Item 21) and 
“eaten what others would regard as an unusually large amount of food” (Item 16) were similar to 
the percentages of individuals who endorsed items that contribute to the Global Score (see Table 
4.3).  Still, there was low endorsement for other items assessing purging, such as self-induced 
vomiting and laxative and diuretic use.  Given that there were few items showing modest 
endorsement, we did not pursue including these additional six items in the analyses. 
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Table 4.8 
 
Percent Item Endorsement for the Eating Disorder Examination Questionnaire Intermediate 
Items 
 
Item Description Male Female 
16 Eaten what others would regard as an unusually 
large amount of food 
17.1 19.3 
17 Loss of control over eating given the 
circumstances 
4.0 18.1 
18 Self-induced vomiting as a means of controlling 
shape or weight 
0.0 2.9 
19 Laxative use as a means of controlling shape or 
weight 
0.3 0.8 
20 Diuretic (water tablet) use as a means of 
controlling shape or weight 
1.1 0.6 
21 Exercised hard as a means of controlling shape 
or weight 
30.0 23.0 
 
 
4.3.3.1.2. EDE-Q clinical threshold 
 An additional disordered eating phenotype used divided participants into multiple categories 
to examine mean differences in problem substance use and personality traits.  Specifically, we 
created an ordinal variable that grouped twins according to the number of items they endorsed.  
This resulted in five groups for males and six groups for females.  As previously mentioned, no 
males reached the clinical EDE-Q Global Score clinical cut-off score of 4+.  Given the overall 
low item endorsement and the lack of individuals clinically diagnosed with an eating disorder, it 
is possible that the expected associations between disordered eating and substance use and 
between disordered eating and personality are only present in individuals who reach the clinical 
cut-off.  In other words, the relation between these traits may not be linear (which would not be 
detected by correlations), but only apparent when reaching clinical significance. 
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 Results examining mean levels of problem substance use in the groups are presented in 
Figure 4.1.  In general, there were no mean differences among disordered eating groups for 
problem alcohol use, problem tobacco use, problem cannabis use, and problem illicit drug use in 
males (all p-values > 0.05).  Similarly, there were no significant mean differences in any of the 
four substances among the six disordered eating groups in females (all p-values > 0.05). 
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Figure 4.1a. Problem Substance Use as a Function of the Eating Disorder Examination 
Questionnaire (EDE-Q) Global Score (GS) Clinical Cut-Off in Males 
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Figure 4.1b. Problem Substance Use as a Function of the Eating Disorder Examination 
Questionnaire (EDE-Q) Global Score (GS) Clinical Cut-Off in Females 
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Results examining mean levels of TPQ personality traits are presented in Figure 4.2.  In both 
sexes, the only significant mean difference among disordered eating groups was for HA.  With 
respect to males, the mean level of HA increased as the disordered eating severity increased 
(F4,333 = 3.29, p = 0.01).  A similar trend was seen for females, such that the mean level of HA 
increased with more severe disordered eating (F5,464 = 2.69, p = 0.02).  There were significant 
mean differences between females who reported more than two but less than three disordered 
eating symptoms (0.41 + 0.25) compared with females with no disordered eating (0.26 + 0.22; p 
= 0.03).  Collectively, findings examining multiple disordered eating groups based on the EDE-
Q Global Score for problem substance use and TPQ personality traits did not improve our 
understanding of the association among the phenotypes. 
95 
 
Figure 4.2a. Tridimensional Personality Questionnaire as a Function of the Eating Disorder 
Examination Questionnaire (EDE-Q) Global Score (GS) Clinical Cut-Off in Males 
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Figure 4.2b. Tridimensional Personality Questionnaire as a Function of the Eating Disorder 
Examination Questionnaire (EDE-Q) Global Score (GS) Clinical Cut-Off in Females 
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4.3.3.2. Substance use 
4.3.3.2.1. Symptomatic problem substance use 
 We examined two additional substance use phenotypes at Wave 3 given the low phenotypic 
correlations between problem substance use and disordered eating.  The first alternate phenotype 
was symptomatic problem substance use, where individuals who endorsed no lifetime abuse or 
dependence criteria (i.e., no problem substance use) for the four substances were coded as 
missing.  By removing these individuals from the dataset, we can investigate whether phenotypic 
correlations with disordered eating are higher in individuals who endorse at least some problem 
substance use.  As before, variables were regressed on age within sex, and then log-transformed 
for further analyses. 
The number of twins who endorsed no problem substance use was large (Table 4.9).  For 
males, there were between 325 and 358 twins who had no problem substance use (e.g., 375 [from 
Table 4.5 for alcohol] minus 50 [from Table 4.9 for alcohol]).  For females, between 429 and 
492 twins reported no problem substance use.  In other words, 87% to 95% of male twins and 
84% to 96% of female twins reported no problem substance use.  The following analyses are for 
descriptive purposes only and we recommend caution in interpreting the findings given the small 
sample size.  
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Table 4.9 
 
Descriptive Information for Symptomatic Problem Substance Use (Raw Scores) 
 
  Males   Females  
 N Mean (SD) Range N Mean (SD) Range 
Symptomatic Problem Substance 
Use 
      
  Alcohol 50 3.04 (2.51) 1.00-11.00 81 3.32 (2.27) 1.00-10.00 
  Tobacco 32 2.84 (1.82) 1.00-6.00 51 3.86 (1.73) 1.00-7.00 
  Cannabis 18 3.39 (2.43) 1.00-8.00 39 2.33 (1.69) 1.00-7.00 
  Illicit Drugs 17 6.41 (4.87) 1.00-14.00 18 5.50 (4.58) 1.00-17.00 
 
 
As expected, mean scores for all four problem substance use variables increased when we 
removed participants who had no problem substance use from the analyses (Table 4.9).  
Furthermore, the phenotypic correlations between disordered eating and symptomatic problem 
substance use (Table 4.10) differed from those correlations that included all individuals (Table 
4.6).  For example, the correlation in males became stronger and changed direction (0.14 versus -
0.09, respectively), and in females the correlation became weaker and changed direction (0.04 
versus -0.09, respectively).  The most notable difference was for illicit drugs.  In both sexes, the 
phenotypic correlation became stronger while remaining negative (males: -0.32 versus -0.09; 
females: -0.14 versus -0.06, respectively).  Although preliminary, these results suggest that the 
association between disordered eating and substance use can change depending on the particular 
definition of substance use utilized.  Future research should further explore associations between 
disordered eating and measures of symptomatic problem substance use in larger samples. 
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Table 4.10 
 
Selected Phenotypic Correlations between Disordered Eating and Symptomatic Problem 
Substance Use 
 
 Global Score 
 
Males Females 
Symptomatic Problem Substance 
Use 
  
  Alcohol 0.14 0.04 
  Tobacco -0.03 0.06 
  Cannabis 0.19 0.14 
  Illicit Drugs -0.32 -0.14 
 
Note. Global Score = Eating Disorder Examination Questionnaire Global Score. 
**p < 0.01; * p < 0.05. 
 
 
4.3.3.2.2. Substance use from the CIDI-SAM supplement 
 The second alternative substance use phenotype we examined was substance use as measured 
from the CIDI-SAM supplement (Cottler et al., 1989).  Two questions were asked.  The first 
question was: “When you have been using [substance], what has been your typical pattern of 
use?”.  This question assessed pattern of use and was coded 1 to 7, with 1 meaning less than once 
a month and 7 meaning more than once a day.  The second question was: “How many days have 
you used [substance] in the past six months (180 days)?”.  This was an open-ended question, 
where scores could range from 0 to 180.  As before, we examined alcohol, tobacco, and cannabis 
questions separately.  The illicit drug category included cocaine, amphetamines, sedatives, 
inhalants, hallucinogens, opiates, PCP, MDMA, ketamine, GHB, rohyphol, and other drugs.  In 
addition, data were available for the frequency of use in the past six months for the following 
prescription drug categories: diet pills, methamphetamine, Ritalin, Aderall, Concerta, Cylert, and 
other stimulants.  Thus, for each of the four substance groups, we examined the correlation 
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between disordered eating with each question, resulting in eight comparisons for males and eight 
comparisons for females.  All variables were adjusted for age and age-squared within each sex, 
and then log-transformed for subsequent analyses. 
 Table 4.11 presents raw means for the CIDI-SAM supplement substance use groups.  For 
both males and females and across substances, the mean pattern of use score was between 2 
(once a month) and 3 (two or more times a month) or 3 and 4 (once a week).  There were 
significant mean differences between sexes for alcohol pattern of use (t = -1.99, df = 648, p = 
0.05), as well as for frequency of use for alcohol (t = -2.71, df = 656, p < 0.01) and tobacco (t = -
2.17, df = 549, p = 0.03).  For each of these variables, males had higher mean substance use 
scores than females.  In addition, the frequency of use for illicit drugs was the least frequently 
endorsed, whereas tobacco had the highest frequency of use in both sexes. 
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Table 4.11 
 
Descriptive Information for the CIDI-SAM Supplement (Raw Scores) 
 
  Males   Females  
 N Mean (SD) Range N Mean (SD) Range 
CIDI-SAM Supplement       
  Alcohol       
    Pattern 357 3.84 (1.53) 1.00-7.00 489 3.21 (1.47) 1.00-7.00 
    Frequency 357 36.54 (41.53) 0-180.00 489 22.43 (29.20) 0-180.00 
  Tobacco       
    Pattern 299 4.03 (2.78) 1.00-7.00 281 3.81 (2.75) 1.00-7.00 
    Frequency 299 54.51 (77.60) 0-180.00 281 47.77 (73.80) 0-180.00 
  Cannabis       
    Pattern 248 3.55 (2.32) 1.00-7.00 283 2.65 (2.18) 1.00-7.00 
    Frequency 248 24.02 (51.11) 0-180.00 283 17.78 (46.97) 0-180.00 
  Illicit Drugs       
    Pattern 206 3.31 (2.37) 1.00-7.00 181 2.65 (2.31) 1.00-7.00 
    Frequency 206 10.41 (34.27) 0-180.00 181 11.70 (38.36) 0-180.00 
 
Note. Pattern refers to the typical pattern of use when using the substance.  Frequency refers to 
the number of days in past six months that the substance was used. 
 
 
 Phenotypic correlations between disordered eating and CIDI-SAM substance use are shown 
in Table 4.12.  For males, both tobacco and cannabis questions were significantly correlated 
with disordered eating.  The tobacco correlations were -0.20 (p < 0.01) for pattern of use and -
0.19 (p < 0.01) for frequency of use.  The cannabis correlations were -0.26 (p < 0.01) for pattern 
of use and -0.13 (p < 0.05) for frequency of use.  For females, only frequency of cannabis use in 
the past six months was significantly correlated with disordered eating (r = -0.15, p < 0.05).  
Still, similar to the previous substance use variables, all correlations were less than 0.30, which 
suggests that partitioning the correlations into genetic and environmental influences would not be 
highly informative.    
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Table 4.12 
 
Selected Phenotypic Correlations between Disordered Eating and CIDI-SAM Supplement 
Substance Use 
 
 
Global Score 
 
Males Females 
CIDI-SAM Supplement   
  Alcohol   
    Pattern -0.04 0.06 
    Frequency -0.02 0.03 
  Tobacco   
    Pattern -0.20** 0.02 
    Frequency -0.19** -0.09 
  Cannabis   
    Pattern of Use -0.26** -0.08 
    Frequency -0.13* -0.15* 
  Illicit Drugs   
    Pattern 0.01 -0.03 
    Frequency 0.09 0.08 
 
Note: Global Score = Eating Disorder Examination Questionnaire Global Score.  Pattern refers to 
the typical pattern of use when using the substance.  Frequency refers to the number of days in 
past six months that the substance was used. 
**p < 0.01; * p < 0.05. 
 
 
4.3.3.3. Personality 
4.3.3.3.1. Neuroticism and Extraversion 
Similar to problem substance use, given the low phenotypic correlations between the Global 
Score and TPQ personality traits, we examined alternative personality constructs.  First, 
Neuroticism (which is characterized by a predisposition toward emotionality, including anxiety, 
depression, and worry) and Extraversion (where individuals high on this trait are characterized 
by increased sociability) were assessed with short scales (Floderus-Myrhed, Pederson, & 
Rasmuson, 1980) of Eysenck’s Personality Questionnaire (EPQ; Eysenck, Eysenck, & Barratt, 
1985) at Wave 2.  Both Neuroticism and Extraversion have been shown to be differentially 
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related to AN, BN, and their subtypes (Cassin & von Ranson, 2005).  These measures have 
shown acceptable psychometric properties (Floderus-Myrhed et al., 1980) and had internal 
consistencies ranging from 0.66 (Extraversion) to 0.69 (Neuroticism) separately for males and 
females in this study.  Both variables were adjusted for age within each sex and used for further 
analyses. 
First, females had significantly higher mean levels of Neuroticism (mean = 0.43 + 0.24 
versus 0.39 + 0.24; t = -3.17, df = 600, p < 0.01) and Extraversion (males: 0.67 + 0.24; females: 
0.66 + 0.25; t = -3.04, df = 589, p < 0.01) compared with males (Table 4.13).  Second, 
phenotypic correlations between disordered eating and Neuroticism were not high in either males 
(r = 0.09, p > 0.05) or females (r = 0.12, p < 0.01).  Similar results were found for Extraversion.  
The correlations for males (r = -0.06) and females (r = -0.001) were not significant (both ps 
greater than 0.05) (Table 4.14).  Thus, measures of Neuroticism and Extraversion do not 
improve phenotypic associations between disordered eating and personality in the current 
sample. 
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Table 4.13 
 
Descriptive Information for the EPQ (Raw Scores) 
 
 
 Males   Females  
 
N Mean (SD) Range N Mean (SD) Range 
EPQ       
  Neuroticism 343 0.39 (0.24) 0-1.00 474 0.43 (0.24) 0-1.00 
  Extraversion 343 0.67 (0.24) 0-1.00 474 0.66 (0.25) 0-1.00 
 
Note. EPQ = Eysenck’s Personality Questionnaire; SD = standard deviation. 
 
 
Table 4.14 
 
Selected Phenotypic Correlations between Disordered Eating and the EPQ 
 
 
Global Score 
 
Males Females 
EPQ   
  Neuroticism 0.09 0.12** 
  Extraversion -0.06 -0.001 
 
Note. Global Score = Eating Disorder Examination Questionnaire Global Score; EPQ= 
Eysenck’s Personality Questionnaire. 
**p < 0.01. 
 
 
4.3.3.3.2. Impulsivity 
We also utilized data from a modified version of the UPPS-P Impulsive Behavior Scale 
(Lynam, Smith, Whiteside, & Cyders, 2006; Whiteside & Lynam, 2001) assessed at Wave 3.  
This questionnaire assesses multiple facets of impulsivity and has been used in prior eating 
disorder research (Claes, Vandereycken, & Vertommen, 2005; Fischer, Smith, & Anderson, 
2003; Fischer, Anderson, & Smith, 2004).  Specifically, the UPPS-P measures: 1) (Negative) 
Urgency (tendency to give in to strong impulses under negative emotions); 2) (Lack of) 
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Premeditation (the tendency to reflect on the consequences of the act before the act is done); 3) 
(Lack of) Perseverance (the ability to be focused on a task if it is difficult or boring); 4) 
Sensation Seeking (tendency to enjoy and pursue exciting activities and to try new experiences); 
and 5) Positive Urgency (tendency to give in to strong impulses under positive emotions) 
(Lynam et al., 2006; Whiteside & Lynam, 2001).  Reliability estimates in males ranged from 
0.71 ((Lack of) Premeditation) to 0.80 (Positive Urgency) and in females from 0.72 ((Lack of) 
Perseverance) to 0.82 (Positive Urgency).  Similar to the EPQ, UPPS-P personality traits were 
adjusted for age for males and females separately. 
Mean levels of all five impulsivity measures were significantly higher in males than females 
(all ps < 0.01).  Further, phenotypic correlations between disordered eating and the five traits 
were not large in males (all rs < 0.12; Table 4.16).  For females, the phenotypic correlation 
between disordered eating and Negative Urgency was 0.22 (p < 0.01).  Still, this correlation was 
lower than previously reported and is not greater than 0.30.  Based on this information, we did 
not attempt twin modeling analyses to partition the phenotypic correlation between disordered 
eating and any alternative personality traits into genetic and environmental influences. 
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Table 4.15 
 
Descriptive Information for the UPPS-P Impulsive Behavior Scale (Raw Scores) 
 
 
 Males   Females  
 
N Mean (SD) Range N Mean (SD) Range 
UPPS-P       
  Negative Urgency 377 2.22 (0.49) 1.00-3.57 508 2.20 (0.53) 1.00-4.00 
  Premeditation 378 1.88 (0.44) 1.00-3.25 509 1.86 (0.45) 1.00-3.63 
  Perseverance 378 1.92 (0.36) 1.00-3.17 509 1.94 (0.35) 1.00-3.17 
  Sensation Seeking 378 2.99 (0.60) 1.00-4.00 508 2.49 (0.68) 1.00-4.00 
  Positive Urgency 376 1.92 (0.52) 1.00-3.86 508 1.77 (0.52) 1.00-4.00 
 
Note. SD = standard deviation. 
 
 
Table 4.16 
 
Selected Phenotypic Correlations between Disordered Eating and the UPPS-P Impulsive 
Behavior Scale 
 
 
Global Score 
 
Males Females 
UPPS-P   
  Negative Urgency 0.05 0.22** 
  Premeditation -0.12* 0.11* 
  Perseverance 0.01 0.02 
  Sensation Seeking -0.08 -0.03 
  Positive Urgency 0.04 0.13** 
 
Note. Global Score = Eating Disorder Examination Questionnaire Global Score. 
**p < 0.01; * p < 0.05. 
 
 
4.4. Discussion 
 This study investigated associations among disordered eating, substance use, and personality 
in a community sample of young adult male and female twins.  The overall aim of this study was 
threefold.  First, we investigated the extent of phenotypic correlations between disordered eating 
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and problem substance use, as well as between disordered eating and specific personality traits.  
We also examined whether these correlations were similar in males and females.  At the 
phenotypic level, correlations between disordered eating and lifetime problem substance use 
(which included alcohol, tobacco, cannabis, and illicit drugs) were all negative and less than 0.12 
for both males and females.  Previous studies have reported either a positive association (for a 
review, see Gadalla & Piran, 2007; Root et al., 2010a) or no difference (Dunn, Larimer, & 
Neighbors, 2002) in substance use between individuals with eating pathology and control 
females.  Still, others (Dunn, Neighbors, Fossos, & Larimer, 2009) report that at least for female 
college students, disordered eating characteristics are more strongly related to substance-related 
problems rather than substance use.  Correlations between disordered eating and TPQ personality 
traits were less than 0.15.  Again, this is in contrast to some previous reports (for a review, see 
Cassin and von Ranson, 2005) that report higher levels of HA in women with AN or BN, and 
higher levels of NS in women with BN and BPAN compared with RAN.  Still, when we 
examined three groups based on the EDE-Q Global Score, there were significantly higher mean 
levels of HA in females who reported two to three symptoms compared with women who 
reported no disordered eating (score = 0).  Taken together, our results suggest that disordered 
eating may be related to substance use and personality traits differently than clinical eating 
disorders and these phenotypes, at least for young adults from the community. 
Because these associations were lower than previously reported (e.g., Baker et al., 2010; 
Kendler et al., 1995; Klump, McGue, & Iacono, 2002; Root et al., 2010a), we also examined 
alternative substance use (e.g., symptomatic problem substance use) and personality traits (e.g., 
Neuroticism, Extraversion), and the correlation among these phenotypes.  However, in general, 
none of these alternate phenotypes yielded correlations higher than 0.30; thus, twin model-fitting 
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analyses that decompose phenotypic correlations into genetic and environmental components 
were not warranted.  Although there was one correlation above 0.30 (between disordered eating 
and symptomatic problem illicit drug use in males), we did not pursue further analyses because 
the number of male twins that endorsed illicit drugs was only 17.  Therefore, our second aim 
(examining whether there are common and specific genetic and environmental risk factors for 
disordered eating and problem substance use) and third aim (if common influences are present, 
what proportion of the covariance among disordered eating and substance use phenotypes can be 
explained by personality traits) were not investigated. 
 Still, there are important strengths to the study.  First, we utilized a sample of young adult 
twins from a community sample to examine disordered eating characteristics.  Previous studies 
have examined substance use in clinical eating disorders (Krug et al., 2008; Root et al., 2010b, 
Cassin & von Ranson, 2005), whereas few studies have examined rates of substance use in 
community samples (von Ranson et al., 2002, 2003).  In their study, von Ranson et al. (2002) 
reported phenotypic correlations ranging from 0.22 to 0.32 for alcohol, tobacco, and illicit drug 
use, and 0.08 to 0.19 for alcohol, tobacco, and illicit drug abuse/dependence in an adolescent 
sample of female twins.  Our findings may be different from their findings because of age of the 
participants. 
 Second, we included males in the analyses.  Prior studies have focused only on females, so 
direct comparisons between our sample of males and others cannot be conducted.  It is important 
to note, however, that our results showed different magnitudes of correlations between 
disordered eating and problem substance use, although the direction of the correlations were 
similar across sex.  In general, these findings for males remained the same regardless of which 
definition of substance use or specific personality trait was examined.  A few notable exceptions 
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to this were with measures of symptomatic problem cannabis and illicit drug use, as well as 
pattern and frequency of tobacco and cannabis use.  Still, the correlations were relatively low (< 
0.32) and in some instances included only a small portion of twins from the overall sample.  For 
personality, the same traits appeared to be correlated with disordered eating (albeit to a small 
extent) in males as in females.  Again, the magnitude of these correlations was different, though 
they still suggest some similarities.  It will be important for future studies to include males in the 
analyses, as there could be differential rates of substance use between sexes. 
 Our results should be interpreted in the context of the following limitations.  First, we 
utilized a well-characterized disordered eating questionnaire to measure overall levels of 
disordered eating (i.e., EDE-Q).  Still, it is possible that specific eating disorder features (e.g., 
weight/shape concerns, cognitive restraint, binge eating, purging) may actually be associated 
with substance use or specific personality traits.  In our sample, the reliability estimates for the 
four subscales originally identified (Fairburn & Beglin, 1994) were high (0.75 – 0.86 for males 
and 0.80 – 0.91 for females).  This suggests that in our community sample of male and female 
young adult twins, measuring individual subscales would be redundant.  We did, however, 
examine correlations between the four EDE-Q subscales and problem substance use, as well as 
between the subscales and TPQ personality traits.  In all instances, phenotypic correlations were 
not different from when the EDE-Q Global Score was examined (data not shown).  Future 
studies should examine other measures of disordered eating that not only represent overall levels 
of disordered eating, but may also provide a better distinction among specific disordered eating 
characteristics. 
 Second, twins included in the study had already been assessed at Wave 3 of the CADD.  
However, Wave 3 data collection is on-going.  Additional analyses investigating mean 
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differences between individuals who completed Waves 2 and 3 compared with Wave 3 only 
suggest that there is likely an ascertainment bias in the current study.  Females who completed 
both waves of assessment had significantly higher mean scores at Wave 2 for problem alcohol, 
tobacco, and illicit drug use compared with Wave 3 only participants.  It is possible that the 
phenotypic correlations between disordered eating and substance use will increase if individuals 
who have not yet completed Wave 3 of data collection are eventually included in the analyses. 
 In conclusion, our findings from a young adult, community twin sample suggest that 
disordered eating, as assessed by the EDE-Q, is not strongly associated with substance use or 
personality traits.  Future research in our laboratory will include more twins once Wave 3 data 
collection is complete.  Still, it will be important for other researchers to include multiple 
measures of disordered eating, substance use, and personality to assess the extent to which 
specific phenotypes are associated with each other.  It will also be important to examine whether 
findings from previous clinical samples of eating disorders do indeed extrapolate to non-clinical 
samples. 
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Chapter 5 
Summary and Conclusions 
5.1. Introduction 
Eating disorders are serious psychological disorders that emerge during adolescence, occur 
more frequently in females than males (APA, 2000), and have one of the highest mortality rates 
of any psychiatric disorder (Sullivan, 1995).  Disordered eating characteristics are those eating 
attitudes and behaviors that often lead to the development of clinical eating disorders (Striegel-
Moore et al., 1986) and have a higher prevalence than the clinical phenotypes.  Various risk 
factors have been identified for both eating disorders and disordered eating, though most studies 
have focused on social risk factors (Striegel-Moore & Bulik, 2007).  Only recently has research 
really expanded to include possible genetic/biological risk factors. 
Although numerous studies have investigated genetic and environmental influences on eating 
pathology utilizing univariate twin studies (e.g., Bulik et al., 1998; Spanos et al., 2010; Wade et 
al., 1998), there has been little attention to understanding how common genetic and common 
environmental factors may influence these traits.  Investigations of particular genetic variants 
and their association with eating pathology have been inconclusive.  In addition, though 
phenotypic associations exist between eating disorders and co-occurring traits, few studies have 
examined whether genetic and environmental factors influence the relation between these 
phenotypes.  Thus, much work is still needed to elucidate the role genes and environment play in 
eating disorders and disordered eating. 
The overall goal of the three projects presented here was to investigate genetic and 
environmental risk factors that may influence individual differences in disordered eating.  
Furthermore, the dissertation examined putative genetic variants in SLC6A4 (the gene that codes 
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for the serotonin transporter) for their association with disordered eating, and explored 
associations between disordered eating and common co-occurring traits.  Results and potential 
implications for the three projects are discussed below. 
 
5.2. Summary of Results 
5.2.1. Chapter 2- Bivariate Analysis of Disordered Eating Characteristics in Adolescence 
and Young Adulthood 
 In Chapter 2, phenotypic factor analyses of a seven-item eating pathology screening tool 
yielded two factors: weight and shape concerns and behaviors (WSCB) and binge eating (BE).  
These two factors were used in subsequent extended twin analyses that included twins and their 
nontwin siblings.  Biometrical model-fitting indicated that individual differences in WSCB and 
BE could be explained by additive genetic influences (a2 = 0.43 and 0.49, respectively), with the 
remaining variance due to non-shared environmental factors.  The genetic correlation between 
WSCB and BE was estimated at 0.64; the nonshared environmental correlation was estimated at 
0.27.  This suggests that although there are additive genetic and nonshared environmental 
influences on both disordered eating characteristics, there are also common risk factors that 
influence trait vulnerability.  At a univariate level, our results corroborate prior studies (e.g., 
Bulik et al., 1998; Spanos et al., 2010) in that there are moderate genetic influences on these 
traits.  Despite the fact that both weight/shape concerns and binge eating can be seen in AN and 
BN, this study was one of the first to examine common genetic and environmental risk factors.  
Given this association, it was not surprising that we found partial genetic and environmental risk 
factor overlap.  A plausible next step would be to identify putative genetic variants that are 
associated with these disordered eating characteristics, such as variants in the serotonin system.  
112 
 
 A secondary aim of this study was to investigate whether there were shared environmental 
risk factors common among twins but not nontwin siblings.  The results from Chapter 2 suggest 
that this “special twin environment” does not appear to influence disordered eating 
characteristics; hence, findings from this study can be generalized to the general population.  One 
caveat regarding this issue, however, is that the number of nontwin siblings was relatively small.  
Sill, our findings are supported by other research (Klump, Keel, Leon, & Fulkerson, 1999), 
which shows that the twin representativeness assumption holds for eating disorders.  
Specifically, there were no mean or variance differences between adolescent female twins and 
nontwin singletons.  More work is needed in this area to understand whether there are differences 
in eating pathology risk factors between twins and singletons. 
5.2.2. Chapter 3- Examining Associations between Disordered Eating and Serotonin 
Transporter Gene Polymorphisms 
 In Chapter 3, family-based association tests were conducted for five SNPs in or near SLC6A4 
and two disordered eating characteristics, WSCB and BE, in female adolescent and young adult 
twins and their family members.  Findings suggested that a particular genetic variant near 
SLC6A4 is significantly associated with WSCB (p = 0.04) after allowing for multiple 
polymorphism testing using a permutation procedure.  As the number of A alleles for 
rs12945042 increased, the mean number of WSCB symptom counts increased by 0.25 standard 
deviation units.  In contrast, no significant associations were found between BE and any SLC6A4 
polymorphism. 
 Although these findings are intriguing, the sample size in these preliminary analyses was 
small.  Replication is needed in order to confirm the results.  Two studies have previously 
examined associations between SLC6A4 SNPs and AN (Kiezebrink et al., 2010; Pinheiro et al., 
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2010).  Despite a comprehensive evaluation of multiple loci thought to be involved in eating 
disorders and food intake, neither study yielded significant relations between these phenotypes 
and SLC6A4 polymorphisms.  In fact, a recent genome-wide association (GWA) study (Wang et 
al., in press) did not find significant associations between common SNPs and AN, AN subtypes, 
AN onset before 17 years, or a family history of AN.  Taken together, previous studies suggest 
that SLC6A4 SNPs are not associated with AN or that effect sizes are small (<1%) and will not 
likely be detected by investigating SNPs one at a time.  As with other complex traits, we will 
likely have to move toward investigating “systems” of many genes.  Findings from the current 
study suggest that specific features of eating disorders (i.e., weight and shape concerns) may be 
better phenotypic targets for finding genetic risk factors for eating pathology than clinical 
diagnoses. 
5.2.3. Chapter 4- Genetic and Environmental Relations between Disordered Eating and 
Substance Use: Can Personality Explain the Comorbidity? 
 Results from Chapter 4 were different from what we had anticipated.  Although the aim of 
this chapter was to examine phenotypic correlations among disordered eating, problem substance 
use, and personality and then conduct biometrical model-fitting analyses, the correlations were 
low (i.e., less than 0.30).  In general, phenotypic correlations between disordered eating and 
substance use and between disordered eating and personality were small (< 0.12 and < 0.15, 
respectively).  These correlations did not increase when examining alternate substance use 
measures (e.g., symptomatic problem substance use, frequency of substance use in the previous 
180 days) and personality phenotypes (e.g., Neuroticism, Extraversion).  Upon further analysis, it 
was shown that the level of Wave 2 substance involvement for participants assessed at Wave 3 
was significantly lower than at Wave 2.  This appears to be due to the fact that data collection is 
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on-going at Wave 3, and the participants that have been assessed are those individuals who do 
not use and abuse substances as much as those twins left to be tested.  It is possible that the 
phenotypic correlations between disordered eating and substance use will increase if individuals 
who have not yet completed Wave 3 of data collection are eventually included in the analyses. 
 There were two important strengths of this study.  First, we utilized a community sample to 
examine disordered eating characteristics.  Previous studies have relied on clinical samples (Root 
et al., 2010a, 2010b), so the relations that have been reported in the literature are based on 
associations seen in individuals with AN and BN.  It is important to understand how specific 
features of these eating disorders relate to problem substance use and personality traits in non-
clinical samples in order to identify those individuals who may be at high risk for more severe 
eating problems. 
 Second, we included male participants.  To our knowledge, no other studies have examined 
associations between disordered eating and substance use or between disordered eating and 
personality traits in males and females.  Indeed, our data suggest that at the very least, the 
strength of the phenotypic association is different between males and females for some 
substances (e.g., symptomatic problem illicit drug use). 
 
5.3. Conclusions 
Taken together, these studies have addressed three issues that are important for 
understanding the etiology of eating disorders and disordered eating.  First, findings show that 
disordered eating characteristics are heritable and that there are common genetic risk factors for 
the development of these characteristics.  Second, this work adds to existing literature in 
suggesting that particular variants near SLC6A4 are important for features of clinical eating 
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disorders.  Finally, although there may be associaitons between clinical eating disorders and 
substance use, as well as eating disorders and specific personality traits, findings may not 
extrapolate to community samples that measure general eating attitudes and behaviors.  More 
work is needed to tease apart specific etiological risk factors for disordered eating and common 
co-occurring traits.  Improved understanding of the etiology of the co-occurrence of disordered 
eating, substance use, and personality traits may lead to improved prevention, intervention, and 
treatment outcomes. 
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